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ULTRAVIOLET ABSORPTION SPECTRA OF SULPHONES. PART III. 
EFFECT OF STERIC CONFORMATION 


By V. BauiAH AND RAMAKRISHNAN 


The ultraviolet absorption spectra of several o:0’- and p :p’-disubstituted diphenylsulphones, 
and 0 :0’-disubstituted di-(4-aminophenyl)-sulphones have been determined and analysed. The 
data suggest that while a slight inhibition of conjugation of the sulphonyl group with the benzene 
1ing is caused by ortho substituents in diphenylsulphone, no such inhibition is observed in the 
case of o :0’-disubstituted di-(4-aminopheny])-sulphone. An explanation is offered to account for 
this difference in their spectrai behaviour. It takes into account the geometry of the molecules 
and the overlapping potentialities of the 2f-orbital of carbon with the 3d-orbital of sulphur when 
a 2p-3d x-b nd is formed between carbon and sulphur in the excited state. 


The ultraviolet absorption spectra of arylsulphones indicate strong conjugative 
interaction of the sulphonyl group with benzene nucleus (Fehnel and Carmack, 
J. Amer. Chem. Soc., 1949, 11, 231 3 Koch, J. Chem. Soc., 1949, 408; Leandri 
et al., Gazzetta, 1954, 84, 73). Fehnel and Carmack (J. Amer. Chem. Soc., 1950, 
72, 1292) reported that this conjugation was not susceptible to steric inhibition. 
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They considered it probable that utilisation of the 3d-orbitals of sulphur permitted 
the formation of a double bond between sulphur and one or more of the mutually 
non-planar atoms attached to it. In the present investigation the ultraviolet 
absorption spectra of several o:o’-disubstituted diarylsulphones have been recorded 
(Table I) to further examine the steric effects of ortho substituents on the 
conjugation of the sulphony] group with aromatic nuclei. 

Diphenylsulphone exhibits a weak B-band with vibrational structure and a 
strong K-band with absorption maximum at 235 mu (Fig. 1). While studying 
the effects of substituents on conjugation, it is the K-band that has to be consi- 
dered. ‘The polar and steric effects reflect on Amax and €max. Instead of analysing 
the spectral data with reference to both the above quantities, it is preferable to 
consider oscillator strengths on theoretical grounds. Hence, reference is 
made to oscillator strengths also in the present discussion. When CH;-, Cl-, or 
CH;O- group is present in the p:p’-positions of diphenylsulphone (Nos. 5-7 in 
Table I), there is a red shift of the maximum of the 235 mp band and the 
‘ intensity of the band is also increased. In a more quantitative way this effect 
may be seen in the oscillator strengths. The para substituents are thus seen to 
promote conjugation. This indeed is to be expected, taking into consideration the 
electronic nature of the substituents, 


TABLE I 
Sulphones. Amaz. €max- f. 
1. Diphenyl- 274 mu 1,300 
267 2,000 
261 1,700 
235 15,800 0.298 
2. Di-o-tolyl- 280 2,500 
273 2,700 
233 14,500 0.250 
3. Di-(2-chloropheny])- 285 2,800 
277 2,900 
235 13,700 0.192 
4. Di-(2-methoxyphenyl)< 289 7,600 
233* 10,200 0.074 
5. Di-p-tolyl- 245 20,100 0.395 
223 10,100 
6. Di-(4-chloropheny})- 249 24,300 0.416 
227 13,200 
7. Di-(4-methoxypheny])- 260 22,600 0.430 
237 14,600 
8. Di-(4-aminopheny])- 205 27,000 0.521 
261 17,800 0.274 
9. Di-(4-amino-2-methylpheny1)- 201 30,200 0.567 
262 19,100 0.256 
10. Di-(4-amino-2-chloropheny!)- 208 33,100 0.578 


265 18,900 0.235 


*Inflection. 
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In the case of o0:0’-disubstituted diphenylsulphones (Nos, 2-4), the same 
substituents cause a diminution in oscillator strength, i.e., they cause a weakening 
of conjugation of the benzene nuclei with the sulphonyl group. This is clearly 
a case of steric inhibition of resonance by ortho substituents. 

Di-(4-aminophenyl)-sulphone exhibits a strong band (Fig. 3) with absorption 
maximum at 295 mp, There is also a weaker band at 261 mp. The same 
band structure is observed in the spectra of di-(4-amino-2-methylphenyl)- and 
di-(4-amino-2-chloropheny])-sulphones also. The stronger absorption band in di-(4- 
aminophenyl)-sulphone seems to originate from electronic excitation involving both 
the benzene nuclei (I) while the weaker band appears to be due to electronic 
excitation involving only one benzene ring (II and III). 


o- 


This view gains support from the fact that -aminophenylmethylsulphone 
has only one absorption band with maximum at 268 ma ([Amax 19,300). The 
Amax and émax of this band correspond tothe weaker band of di-(4-amino- 
phenyl)-sulphone (Amaz 261mp,  @max 17,800). Similarly p-methoxypheny]l- 
methylsulphone exhibits only one band with maximum at 240 mp {Amex 16,500) 
which corresponds to the weaker band of di-(4-methoxyphenyl)-sulphone ‘Amx 237 
mf, €mox 14,600), We may therefore expect substituents in the 0: 0’-positions of 
di-(4-aminopheny!)-sulphone to exert their influence on both the bands. A 
comparison of the spectra of di-(4-aminophenyl)-sulphone and _ its o : o’-disubstituted 
derivatives shows that the ortho substituents have promoted conjugation of the 
sulphonyl group with the aryl nuclei. We thus find that in the diphenyl- 
sulphone molecule, clectron-releasing groups do not increase the oscillator strength 
when present in o:0’-positious, while the same groups, when present in o:0’-posi- 
tions in di-(4-aminophenyl)-sulphone, cause a significant increase in oscillator 
strength. This spectral effect can be explained on the basis of the geometric 
change the molecules undergo by the introduction of substituents. 

The planes of the benzene rings were found by X-ray analysis (Toussaint, 
Bull. soc. roy. sci. Liege, 1944, 18, 163; Chem. Abst., 1948, 42, 7128) to be 
inclined at right angles to the C-S-C plane in  di-(4-bromopheny])-sulphone. 
Diphenylsulphone also may be expected to have almost the same conformation. 
When ortho substituents are introduced, the benzene rings may no longer be 
perpendicular to the C-S-C plane, but may be twisted due to repulsion arising 


154 
+ <== + + == 
O- O~ 
(I) tT (II) 
(III) 


ULTRAVIOLET ABSORPIFION SPECTRA OF SULPHONES 155 


between the ortho substituents. Tie extent to which the rings are twisted depends 

upon the size of the groups. The conjugation of the sulphonyl group with the benzene 

ring thus seems to be intimately connected with the angle between the C-S-C 

plane and the plane of the benzene rimg. The presence of ortho substituents by 

itself does not seem to inhibit conjugation provided that the geometry of the molecule 

favours conjugation. This view gains support from the fact that ortho substituents 

in di-(4-aminophenyl)-sulphone do not inhibit conjugation ; they actually enhance 

conjugation. All these facts may be understood by considering the overlapping 

potentialities of the d-orbital of sulphur atom with the p-orbital of the adjacent 

carbon atom when a double bond is formed. When the plane of the benzene ring 

is perpendicular to the C-S-C plane, the axis of maximum density of the p-orbital 

of the z-electron (C atom) will be perpendicular to the benzene plane. This will 
favour maximum overlapping with the 3d-orbital of sulphur. 

When the plane of the benzene ring is tilted by a small angle, the overlapping 

of the p- and d-orbitals becomes less. The inhibition of conjugation, caused by 

the introduction of electron-releasing substituents 

in 0:0'-positions in diphenylsulphone, must be 

attributed to the tilt the benzene rings undergo from 

their original positions due to repulsion between the 

ortho groups. In the case of o:o’-disubstituted di- 

(4-aminophenyl)-sulphones, the para-amino groups 

exercise an influence to overcome the steric repulsion. 

This view can be substantiated by considering the 

spectral characteristics of ortho-substituted nitro- 

benzenes and 3-substituted 4-nitroanilines (Table II). 

The presence of CH;- and Cl- in the ortho-positions 

Overtegning et the eh-ectitel results in a decrease of oscillator strength of nitro- 

of carbon with the 3d-orbital of benzene by 31% and 60% respectively. The same 

sulphur. groups, when present ortho to the, nitro group in 

4-nitroaniline, decrease the oscillator strength to the extent of 8% and 19% only. Thus, 

it is evident that the para-amino group, by promoting conjugation and thus 

increasing resonance energy, has annulled the ortho-steric effect partially. In the 

case of diphenylsulphone, the steric effect exerted by ortho substituents is evidently 

ot a smali magnitude, and hence, the para-amino groups are able to suppress it 


completely. 
BLE 


Amaz: 


Nitrobenzene 261 me 
2-Methylnitrobenzene 259 
2-Chloronitrobenzene ji 253 
4-Nitroaniline 380 
3-Methyl-4-nitroaniline 372 


257 
236 


3-Chlofo-4-nitroaniline ono 374 


233 
* Wepster, Rec. trav, chim., 1957, 16, 367. 


€max- 
8,300 0.249 
5,250 0.171 
3,500 0,100 
15,500 0.376* 
 II,100 0.345 
5,700 
13,400 0.303 
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EXPERIMENTAL 


Diphenyl- and  di-p-tolyl-sulphones were prepared by the methods of Hinsberg 
(Ber., 1910, 48, 289) and Beckurts and Otto (ibid., 1878, 11, 2068}, respectively, 
Di-o-tolyl-, di-(4-chloro-2-methy!phenyl)- and 
were prepared as described by Balasubramanian and Baliah (J. Chem. Soc., 10955, 
1253). Di-(4-chloropheny!)-sulphone, m.p. 146-47°, was prepared from -chloro- 
benzenesulphonyl chloride and chlorobenzene by the Friedel-Crafts reaction (Beckurts 
and Otto, loc. cit.). Di-(4-methoxyphenyl)-sulphone, m.p. 128 29°, was prepared 
similarly from -methoxybenzenesulphonyl chloride and anisole. Di-(2-methoxy- 
pheny])-sulphone, m. p. 196-97°, was prepared accordidg to Mautliner (Ber., 1906, 
89, 1350). Di-{2-chlorophenyl)-sulphone, m.p. 185-86°, and  di-(4-amino-2-chloro- 
phenyl)-sulphone, m.p. 262-63°, were prepared in our laboratories by Mr. A. 
Ekambaram (unpublished work). Di-(4-aminopheny])-sulphone was prepared by the 
method of Sugasawa and Sakurai (J. Pharm. Soc. Japan, 1940, 60, 22). 

Ultraviolet Absorption Measurements.—The ultraviolet absorption spectra were 
determined with a Beckman quartz spectrophotometer, model DU. The solvent 
used was 96% ethanol. : 

The oscillator strengths, f, were computed from the integrated areas under 
the curves by use of the equation 


f = 4.32 x 107° f edv 


where ¢ is the molar extinction coefficient and v is the wave-number in cm*'. 
For a given band, the area was measured under the two minima on each side 
of the band. 
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REACTIONS OF TETRACHLORIDES OF GROUP IVA ELEMENTS 
WITH ACETIC ACID 


By R. N. Kapoor, K. C. PANpDE AND R. MEHROTRA 


The reaction of acetic acid with tetrachlorides of silicon, titanium, zirconium and thorium 
has been studied. The reaction of silicon tetrachloride with acetic acid appears to be straight-forward 
up to the formation of monochloro-triacetate derivative, when further reaction becomes slow. In 
the case of titanium tetrachloride, the reaction is direct up to the formation of diacetate product, 
when side reactions begin to take place, yielding finally a mixture of basic di- and tri-acetates of 
titanium. The reactions of zirconium and thorium tetrachlorides yield the _tetra-acetate products. 
While thorium tetra-acetate has been shown to be stable to heat under reduced pressure, zirconium 
tetra-acetate decomposes to yield basic diacetate and acetic anhydride. 


It was demonstrated ;by Montonna (J. Amer. Chem. Soc., 1927, 49, 2114) that 
the reaction between silicon tetrachloride and acetic acid could be represented as: 


2 SiCl, + 4CH;COOH —-> 2 SiO,+4 CH;COCI+ 4 HCl. 


The reaction of titanium tetrachloride with acetic acid has been shown to furnish a 
complex basic acetate (Funk and Romer, Z. anorg. Chem., 1938, 239, 288). Zirconium 
and thorium tetrachlorides were shown to react with acetic acid providing their 
tetra-acetates (Rosenheim and Herzmann, Ber., 1907, 40, Sto ; Cleve, Bull. soc. chim., 
1874, ii, 21, 116). 

A perusal of the above work shows that tetrachlorides of silicon, titanium, 
zirconium and thorium exhibit a gradual variation in their reactivity with acetic acid 
(cf. Bradley, Halim and Wardlaw, J. Chem. Soc., 1950, 3450). In view of the above, 
it was considered of interest to make a detailed study of the above reactions. It 
has been shown that the reaction of silicon tetrachloride with acetic acid is straight- 
forward in the beginning, but side reactions of the following type begin to take 


place towards the end : 
Si(OAc), 


SiCl(OAc), + Si(OAc), ——> O + AcCl. 
Si(OAc), 
The reaction of titanium tetrachloride with acetic acid has been found to be 
straight-forward and exothermic up io the formation of dichloride diacetate product. 
Iurther reaction appeared to be complicated and yielded a mixture of basic di- and 


tri-acetates : 
fast & exothermic 


TiCl.+AcOH ——--——  TiCI;(OAc)+HCl 


fast & exothermic 


TiCl,(OAc) + ACOH ————> TIiCI,(OAc),+HCl 


TiCl,(OAc), +AcOH ——— TiCl(OAc); 


slow 


= 
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TiCK(OAc}; ———> TiO(OAc), + AcCl 


TiCl(OAc), 
TiCi(OAc), + TiCl,(OAc), ——>O + 2 AcCl 
TiCl(OAc), 
TiCl(OAc), Ti(OAc), 
o¢ + sAcOH ———> 0 +2 TICl. 
TiCl(OAc), Ti(OAc), 


Even in the presence of acetic anhydride, the final end-product is only a basic 
tri-acetate, and it has not been possible to prepare the tetra-acetate oi titanium so 
far in spite of repeated attempts by different reactions (Pande and Mehrotra, Chem. ¢ 
Ind., 1957, 114). 

The reaction of zirconium tetrachloride with acetic acid was found to yield the 
tetra-acetate, which decomposed on being heated under reduced pressure: 


ZrCl,+4AcOH Zr(OAc),+4 HCl 
Zr(OAc), ZrO(OAc), + Ac.O. 


The reaction of thorium tetrachloride with acetic acid (acetic anhydride also used 
as the tetrachloride was hydrated) was found to yield thorium tetra-acetate, which 
was found to be highly stable to heat under reduced pressure. 


ExPERIMENTAL 


Silicon and titanium tetrachlorides (B.D.H.) were purified by distillation, and 
zirconium tetrachloride {E. Merck, extra pure) was used without any purification. 
Acetic acid (E. Merck) was fractionated over a long column and the fraction boiling 
at 117° was collected and used for the reactions. Extreme precautions were taken to 
exclude moisture. 


Reaction of Silicon Tetrachloride with Acetic Acid 


To silicon tetrachloride (23 g.) was added acetic acid (nearly 23 g., molar ratio of 
silicon tetrachloride :acetic acid=1:4.4). Hydrogen chloride gas was evolved and the 
reaction mixture became cool. Dry nitrogen gas was bubbled into the reaction mixture 
in order to expel the HCl gas. After nearly 4 hours, a white crystalline mass was 
‘formed. To this was poured dry benzene (nearly 20 c.c.) and nitrogen was again 
bubbled till the evolution of hydrogen chloride vapours had almost ceased. The super- 
natant liquid was decanted and the white insoluble product was dried under reduced 
pressure (4 mm) in a bath at 50°. A white solid was thus obtained. [Found: Si, 
12.3; Cl, 13.3. A mixture of SiCl(OAc); and O [Si(OAc),],. in the molar ratio of 
8:1 requires Si, 11.9 ; Cl, 12.1%]. 

This reaction was repeated by taking silicon tetrachloride (11.2 g.) and acetic 
acid (nearly 12 g., in the molar ratio 1:4.8). In this experiment, instead of nitrogen, 
a stream of dry air was passed to remove the hydrogen chloride gas. The final 
end-product (a white solid) was obtained which was found to contain a very little 
amount of chlorine as compared to the ab®°ve product. [Found: Si, 12.43. A mixture 
of Si(OAc), and O [Si(OAc),]. in the molar ratio of 1:1 requires Si, 12.22%]. 
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Reaction of Titanium Tetrachloride with Acetic Acid 


(i), With Excess ol Titanium Tetrachloride.—Acetic acid (7.5 g.) was ‘added 
.o titanium tetrachloride (nearly 30 g., molar ratio of acid to tetrachloride=1 : 1,26). 
A large amount of heat was developed and the reaction mixture started refluxing with 
the evolution of dense fumes of hydrogen chloride gas mixed with some titanium 
tetrachloride. As the reaction mixture cooled down, a yellow solid separated out. 
After being washed with dry benzene, the solid was dried under reduced pressure. A 
yellow compound (22 g.) wasthus obtained. (Found: Ti, 21.98 ; Cl, 51.2. Ti(OAc)Cl, 
requires Ti, 22.45 ; Cl, 49.86%). This product is highly deliquescent and is easily 
soluble in water, On exposure to air it evolves HCI gas. 


(ii). With Excess of Acetic Acid: (a). Without refluxing.—Titanium tetrachloride 
(3.5 g.) was added to acetic acid (25 c.c.). The reaction mixture became hot and 
yellow. After some time a pale yellow crystalline mass settled at the bottom of 
the flask. ‘The supernatant liquid (yellow) containing titanium and chlorine was 
decanted off and was used in the next experiment (ii,b). After washing the insoluble 
mass with dry benzene, the product was dried under reduced pressure (3 mm) in 
a bath at 50°. A pale yellow crystalline mass (1.3 g.) was obtained. |Found: 
Ti, 19.7; Cl, 27.5. TiCl,(OAc), requires Ti, 20.22 ; Cl, 29.93% ]. 


This product is highly deliquescent and is soiuble in water, acetone and alcohol 
and iasoluble ia benzene. When brought in contact with moisture, it evolved HCI gas. 


(b). With refluxing.—To the above decanted liquid was added titanium tetra- 
chloride (nearly 2 g.). The reaction mixture containing the crystalline insoluble mass 
was refluxed in a bath at 130°. Hydrogen chloride gas was evolved and the insoluble 
mass gradually dissolved giving a clear solution (yellow). After nearly an hour a 
white precipitate started forming and became thick within a short time during the 
course of refluxing. It was refluxed for another hour when the evolution of HCl 
gas almost ceased. The insoluble mass was filtered, washed with benzene (20 c.c.) 
and dried as usual. The product asa white powder wasthus obtained. [Found: Ti, 
23.2; Cl, 1.80 ; OAc, 72.2. An equimolecular mixture of TiO(OAc), and O [Ti(AcO),]. 
requires Ti, 22.1; OAc, 72.7%]. . 


Nearly 2 g. of the product was further refluxed with acetic anhydride (15 c.c.) 
and acetic acid (3 c.c.) in a bath at 140° for nearly 3 hours. The compound did 
not show any tendency of dissolving inthis mixture. After being washed with dry 
benzene, the product was dried as usual. [Found :Ti, 20.7; OAc, 75.7. O [Ti(OAc),], 
requires Ti, 20.55 ; OAc, 76.0% ]. 


(iii). Reaction between Titanium Dichloro-diacetate and ‘Acetic ‘Acid (rt M):'An 
Attempt to Prepare Titanium Monochloride Triacetate.—Acetic acid (1.4 g.) was 
distilled into the suspension of freshly prepared titanium dichloro-diacetate (5.2 g.) 
i) benzene (30 c.c.), and the mixture refluxed in a bath at 100°. Hydrogen chloride 
gas was evolved. The evolution continued but became very slow after refluxing 
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for 8 hours, when the insoluble mass was filtered and dried under reduced pressure 
(5 mm) at 80°. A white powder (4.6 g.) was obtained. [Found: Ti, 22.1; OAc, 
66.3; Cl, 4.0. A mixture of TiO(OAc),, O [TiCI(OAc),], and O ['Ti(OAc);], in the 
molar ratio of 3:1:2 requires Ti, 22.7 ; OAc, 68.5 ; Cl, 3.7%]. 


Reaction of Zirconium Tetrachloride with Acetic Acid 


‘To acetic acid (30 c.c.) was added zirconium tetrachloride (2.6 g.), which dissolved 
in acetic acid with the evolution of HCl gas and heat. On allowing this reaction 
mixture to cool down to room temperature, no separation of any insoluble mass 
was noticed, which was, however, contrary to the reactions of titanium and thorium 
tetrachlorides with acetic acid. The reaction mixture was therefore refluxed in a 
bath at 130° for nearly 4 hours. On cooling, a white crystalline product separated 
out. The supernatant liquid was decanted, the crystalline mass was washed with 
dry benzene (20 c.c.) and dried under reduced pressure (4 mm) in a bath at 40°. 
A shining white crystalline product was thus obtained. [Found: Zr, 28.01. Zr(OAc), 
requires Zr, 27.87% |]. This product is soluble in water and in benzene. 


Nearly 5 g. of this product was heated in a bath at 150° under reduced pressure 
(3 mm) for nearly 2 hours. A loss in weight (about 2 g.) was noticed. [Found: 
Zr, 40.36. ZrO(OAc), requires Zr, 40.4% ]. 


Reaction of Thorium Chloride with Acetic Acid 


To the hydrated thorium tetrachloride (7 g.) was added a mixture of acetic 
acid (25 c.c.) and acetic anhydride (nearly 10 c.c.). The reaction mixture became 
clear and hot. Immediately an insoluble mass started forming. The reaction mix- 
ture was refluxed for nearly 2 hours in a bath at 130°. The supernatant liquid 
was decanted and the insoluble mass was dried under reduced pressure (3 mm) in 
a bath at 70°. A white crystalline product (nearly 7 g.) was obtained. [Found: 
Th, 49-34 ; OAc, 50.01. Th(OAc), requires Th, 49.6 ; OAc, 50.4%]. 


The above product (4 g.) was heated for nearly 2 hours under reduced pre- 
ssure in a bath at 130-40° and no loss in the weight was observed. (Found: Th, 
49.36 ; OAc, 50.02%). This treatiment clearly indicates that contrary to zirconium 
tetra-acetate, thorium tetra-acetate is stable to heat. 


The authors’ thanks are due to Prof. A. C. Chatterji for the laboratory facilities and 
encouragement. 
CHEMICAL LABORATORIES, 


LucKNOW UNIVERSITY, 
Lucknow. Received September 16, 1957- 
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ARYLTHIOPYRUVIC ACIDS AND SOME OF THEIR 
CORRESPONDING NITRILES 


By P. N. Buarcava, K. N. PERMESWARAN AND S. VENKATARAMAN 


2-0-Tolylimino-3-0-toly1-4-thiazolidone and 2-phenylimino-4-thiazolidone, prepared according to the 
method of Bhargava etal. (J. Amer. Chem. Soc., 1951, 18, 2353) have been utilised for the synthesis of 
arylthiopyruvic acids and some of their corresponding nitriles in order to provide easy and convenient 
routes for the synthesis of different types of useful products, 


During studies of thiazolidones and their useful applications (Bhargava et al., 
this Journal, 1955, 82, 49, 763, 797), it was considered worthwhile to attempt utilisa- 
tion of the reactions of thiazolidones for synthesising different groups of useful chemical 
substances, Granacher et al. (Helv. Chim. Acta, 1922, 5, 610; 1923, 6, 458) 
worked on the condensation reactions of aldehydes with rhodanine. Through con- 
densation of rhodanine with homocyclic aldehydes, the corresponding homonitriles 
were prepared in excellent yields by Julian and Sturgis (J. Amer. Chem. Soc., 
1935, 57, 1126) and Cambell and McKail (J. Chem. Soc., 1948, 1251). By a similar 
condensation of 2:4-thiazolidine-dione with homocyclic aldehydes and subsequent 
cleavage with alkali, the corresponding thiopyruvic acids have been obtained. A 
similar investigation with 2-arylimino-3-aryl-4 thiazolidone and 2-arylimino-4-thia- 
zolidone compounds, which may not exhibit the same tendency for ring fission as 
thiazolidine-diones, does not seem to have been undertaken. We thercfore considered 
it of interest to examine the behaviour of thiazolidones towarcs these condensation 
reactions and to ascertain in particular the point of ring fission. 


2-0-Tolylimino-3-0-tolyl-4-thiazolidone, prepared by our method (Bhargava et al., 
loc. cit.) was initially condensed with benzaldehyde, m-nitrobenzaldehyde, p-dimethyl- 
aminobenzaldehyde, furfural and cinnamaldehyde, and the resulting arylidene deriva- 
tives were cleaved with alkali when aryl-substituted thiopyruvic acids were produced. 
Similarly 2-phenylimino-4-thiazolidone, prepared by our method (loc. cit.), was con- 
densed with salicylaldehyde, m- and p-hydroxybenzaldehydes, o- and p-chlorobenzal- 
dehydes, anisaldehyde and piperonal, and the resulting arylidene derivatives were 
hydrolysed by alkali, when substituted thiopyruvic acids were produced. Out of 
these only o- and -chlorophenylthiopyruvic acids were converted into oximino com- 
pounds with hydroxylamine hydrochloride in presence of sodium ethoxide. The oxi- 
mino compounds on treatment with acetic anhydride yield the corresponding nitriles, 
which provide simple and very convenient routes for the synthesis of 8-substituted 
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ethylamine and substituted acetic acids. Preparation of nitriles has been undertaken, 
since these will find use in our subsequent studies on the synthesis of compounds related 
to natural products. The scheme of reactions is formulated as shown below: 


R.CH=C——S R.CH,.C.COOH 

| NaOH I NH,OH 

oC C=NPh Ss NOH 
\Z 


+ 
NH R.CH,.CN 


R.CH,.C.COOH 


ExPERIMENTAL 


2-0-T olylimino-3-0-tolyl-4-thiazolidone and its Arylidene Detivatives.—The prepa- 
ration of 2-0-tolylimino-3-0-tolyl-4-thiazolidone, m.p. 154° (Found: N, 9.24; S, 10.70. 
Cale. for C,;;H,,ON.S:N, 9.46 ; S, 10.81%) and the condensation of the thiazolidone 
with various aldeliydes were performed as described before (Bhargava et. al., loc. cit.). 
The properties and analyses of the condensation products are recorded in Table I. 


TABLE I 


No. Aldehydes. % Yield. Colour. MN. P. Formula. % Sulphur. 
Found. Calc. 
1. Benzaldehyde 89.6 Brcewnish yellow 95° CoH 8.40 8.34 
2. m-Nitrobenzaldehyde 82.7 Yellow 112° CoyHgO3N3S 7:39 746 
3. p-Dimethylamincbenzaldehyde 75.6 Orange 132° CogH 259 N35 7-52, 7-49 
4. Furfuraldehyde 81.6 Brown 102° CogH¢O2N.S 860 855 
5. Cinnamaldehyde 88,8 Do 81° 771 7.80 


2-Phenylimino-4-thiazolidone.—Phenylthiourea (6.49 g.), monochloroacetic acid 
(4.5 g-) and anhydrous sodium acetate (3.5 g.) in absolute alcohol (30 c.c.) were re- 
fluxed for 6 hours on a water-bath. At the end of the reaction, the excess of alcohol 
was distilled off. The reaction mixture was poured into water, when a pale yellow 
precipitate was obtained. It was washed with hot water and crystallised from methyl 
alcohol and recrystallised from chloroform in yellow crystals, m.p. 179°, yield 80%. 
(Found : N, 14.63; S, 16.38. C,HsON,S requires N, 14.58 ; S, 16.66%). 


5-Salicylidene-2-phenylimino-4-thiazolidone.—A mixture of salicylaldehyde (2.2 g.) 
and thiazolidone (3.0 g.) was dissolved in hot glacial acetic acid (30 c.c.) and to this 
anhydrous sodium acetate (1.2 g.) was added, and the whole was heated for § hours. 
After the reaction was over, the mixture was poured into water and the precipitate 
obtained was washed with sodium bisulphite and hot water and extracted with alcohol. 
The extract after removal of most of the alcohol was crystallised from chloroform in 
yellow crystals, m.p. 192°. 

Similarly other aldehydes were condensed. The properties and analytical data are 
recorded in Table II. 
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TABLE II 


5-Arylidene-2-phenylimino-4-thiazolidones. 


No. Aldehydes. Colour. M. P. Formula. % Sulphur. 
Found. Cale. 
1.  Salicylaldehyde Yellow 192° 10.78 10.81 
2. m-Hydroxybenzaldehyde Do 102° CygH 10.80 10.81 
pP-Hydroxybenzaldehyde Brown 120° CygHgO2N2S 10.77 10.81 
o-Chlorobenzaldehyde Orange 184° CigH,,ON2SCI 9.90 10.20 
5 p-Chlorobenzaldehyde Yellow 132° CygHyON,SCl 9.85 10.20 
6. Anisaldehyde Brown 94° Cy7HyyO,N2S 10.28 10.40 
7.  Piperonal Yellow 147° Cy7HjgO3N2S 9.80 9.87 


Cleavage of 5-Benzylidene-2-0-lolylimino-3-0-tolyl-4-thiazolidone.—The compound 
(2.0g.) was heated with 15% NaOH (25 ¢.c.) under reflux over a small flame for 
5 hours. A portion of the material dissolved. ‘The undissolved material was filtered 
off. The alkaline filtrate was chilled in a freezing mixture and rapidly acidified with 
10% HCl. The amorphous compound, phenylthiopyruvic acid. obtained was washed 
with water and dried, m.p. 129°. 

Similarly other arylidene derivatives were cleaved with alkali. Their properties 
and analytical data are reported in Table III. 


TABLE ill 


Arylthiopyruvic acids. 


No.  Thiopyruvic acid. Colour. M.P. Formula. % Sulphur. 
Found. Cale. 
1.  Phenyl- Yellow 129° CgHs02S 17 81 17.77 
2. o-Chlorophenyl- Do 134° CgH7O2SC! 14.37 14.68 
3. f-Chlorophenyl- Brown 165° CgH;0,SC1 14.40 14.68 
4. e-Hydroxypheny!- Yellow "116° CgH303S 16.04 16.10 
2 m-Hydroxyphenyl- Do 178° CgHs038 16.38 16,10 
6. p-Hydroxypheny!l- Do 113° CgHgQ3S 16 43 16.10 
7. m-Nitrophenyl- Brewn 158° CgH70,NS 14.06 14.22 
8. p-MethoxyphenyI- Do 85° C19H 14.08 15-23 
9. p-Dimethylaminopheny]- Orange 182° C),H)302NS 14.47 14.35 
10. 3 :4-Methylenedioxyphenyl- Yellow 119° Ci9pHsO,S 14.07 14.27 
II. Furfuryl- Brownish yellow 115° C7H,03S 18 62 18 82 
12. Cinnamy!- Yellow 113° 15.62 15.53 


o-Chlorophenylacetonitrile.—Sodium ethoxide (1 g. sodium in 30 c.c. of absolute 
alcohol) was mixed with a warm solution of hydroxylamine hydrochloride (1.0 g.) in 
water (§ c.c.). This was added to o-chlorophenylthiopyruvic acid (1.5 g.). The re- 
action mixture was heated for 40 minutes on a water-bath. The excess of alcohol 
was removed under reduced pressure and the residue was dissolved in dilute NaOH 
and acidified with 10% HCl under cooling, when the oximino compound was precipi- 
tated. The precipitate of «-oximino-o-chlorophenylpyruvic acid obtained was washed 
and dried in a vacuum desiccator over KOH, m.p. 142°. 


i : 
7 
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The oximino-acid, so prepared, was treated with acetic anhydride (20 c.c.) and 
heated on the water-bath till it gradually went into solution. It was refluxed for 
1 hour. The acetic anhydride was removed under reduced pressure and the residue 
was extracted with ether. The ethereal solution was washed with sodium carbonate 
solution and water and allowed to stand over anhydrous sodium sulphate. On evapora- 
ting ether o chlorophenylacetonitrile separated out, m.p, 62°, 


TABLE 


Arylacetonitriles. 


Acetonitrile. M.P. Formula. %Niirogen. %Chlorine, 


Found. Cale. Calc. 


o-Chloropheny1- 62° 9.3 9.24 22.36 22.43 
p-Chloropheny]- 82° CsH,NCl 9.30 9.24 23-38 23-43 


Similarly -chlorophenylacetonitrile was prepared. The properties and analyses 
of o- and p- chlorophenylacetonitriles are recorded in Table IV. 


OrGANIC CHEMICAL LABORATORY, 
COLLEGE OF SCIENCE, 
BanaRas Hinpu UNIVERSITY, Received August 3, 1957. 
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STUDIES ON THIOARSENITES, PART I. PRECIPITATION AND 
DISSOLUTION OF ARSENIOUS SULPHIDE 


By MAN HARAN NATH SRIVASTAVA AND SATYESHWAR GHOSH 


The interaction between an arsenite and the hydrosulphide has been shown to occur in a number of 
steps forming thioxy and thio compounds before the precipitation of AsgS; which occurs only in acid 
medium because of the decomposition of the volecular thio-acid, the anions being stable, and not decom- 
posing into As9S3. I alkaline medium the reaction is ionic in nature, i.e., with increasing acidity of the 
medium, the formation of AsS¢~ is enhanced. Further, the increase in hydrogen-ion concentration will 
depress the dissociation of the thio-acid, forming molecular HsAsSy which decomposes to H,S and As,S3. 

But the reaction between arsenious acid and H,S-water, specially in presence cf acids, is mainly 
molecular and arsenic is completely precipitated with cnly three mols, of H,S. 


It has been further shown that the dissolution of arsenious sulphide occurs by the interaction with 
HS~ ions; and it proceeds very rapidly to completion as soon as sufficient HS” ions are available to 
produce an AsS,~ ion, and is complete only when four mols. of NaHS to each of arsenic atom are 
present in the system. 


In previous publications Taimniand Agarwal (Anal. Chim. Acta, 1053, 9, 116) 
have shown that elementssuch as As’, Mo”, Pt, Au and other elements of the arsenic 
group are completely precipitated as sulphides by the decomposition of their thio salts with 
acids, which are formed by the interaction of alkali sulphides with solutions containing 
these elements. ‘This fact has been utilised for the quantitative estimations (Taimni and 
Agarwal, ibid., 1953, 9, 121, 203 ; 1954, 10, 3t2; Salaria, ibid., 1956, 15, 514) and 
separations (Taimni and Srivastava, ibid., 1956, 18, 517 ; Salaria, ibid., 1957, 16, 3) of 
such elements as As, Se, Te, Sb, Sn, Mo etc., as sulphides. Some such compounds 
have also been prepared, isolated and studied by previous workers (vide Mellor, “A 
Comprehensive Treatise on Inorganic and Theoretical Chemistry’, 1929, Vol. 1X, pp. 
289-90, 315, 532, 569), but the chemistry of these thio salts in solution, the mechanisms of 
their formation and specially their decomposition by acids leading to the precipitation of 
metallic sulphides are still obscure. The present paper deals with the formation 
of thioarsenites, and their decomposition with acids, 

It has been found that the precipitation of arsenic trisulphide from an arsenite 
solution by decomposing its thio salt with acid is complete only when the amount of the 
hydrosulphide reagent added in the mixture is sufficient to give a ratio of As:S=1:4, 
a value, much higher than that required to form As,S;. It appears that with the 
progressive addition of NaHS solution to an arsenite solution, thioxy-arsenites are 
formed, viz., Na;H,AsSO;, Nas,HAsS,0, and Na;AsS,O, the final product being the 
thioarsenite, Na;AsS,. All these salts exist ina state of equilibrium. ‘The corres- 
ponding thio-acids are formed when these salts are decomposed by acids, and arsenious 
sulphide precipitates only from the thiocompound, but not from the thioxy 
compounds, 

- Similar conclusion is arrived at when arsenious acid solution is treated with 
water, saturated with hydrogen sulphide gas. However, from arsenious acid, arsenic 
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is completely precipitated with only three mols. of hydrogen sulphide gas, 
because the reaction between arsenious acid and hydrogen sulphide solution, specially in 
acidic medium, is predominantly molecular in nature, whereas sodium arsenite and 
NaHS react through their ions. The precipitation of arsenious sulphide from the 
thio-acid is mainly governed by the px of the solution, because it so appears that the 
dissociation of this acid must be suppressed to form the molecular thio-acid, which 
decomposes into arsenious sulphide and H,S. One more interesting feature of 
these thioxy acids is that with the increase in the number of sulphur atoms in the 
molecule by continuous replacement of oxygen atoms, the acid character increases. 


Dissolution studies of arsenious sulphide are also in conformity with the above facts. 
These indicate that dissolution occurs through the action of hydrosulphide ions on 
arsenious sulphide, and it proceeds very rapidly to completion as soon as sufficient HS” 
ions are available to produce an AsS,°~ ion, and is complete only when four mols. of 
NaHS to each of arsenic atom are present in the system. In earlier stages, some poly- 
sulphide anions containing some H.S molecules with them as H,S,~ (HS.H,S)~, 
H;S,~ (HS. 2H,S)~ may also be formed. 


In incomplete precipitations, when the amount of sulphur added as hydrosulphide is 
less than four times the arsenic, some arsenic escapes precipitation and passcs into the 
filtrate in the form of thioxy compounds, which are liable to atmospheric oxidation to 
thioxyarsenates, liberating sulphur. This oxidation reaction is more rapid in the case 
of thioxy anions and at higher temperatures, and in consequence, sulphur is associated 
with the precipitates of arsenious sulphide, specially at higher temperatures. The 
separation of sulphur is being studied in greater detail, and the results will be commu- 
nicated in a future publication. . 


ExPERIMENTAL 


A o.5M stock solution of Na,HAsO; was prepared by dissolving arsenious oxide 
in NaOH, and arsenious acid solution was prepared by boiling a weighed quantity of 
As,O; in water. Both the solutions were standardised iodimetrically. 


The reagent sodium Iydrosulphide was prepared by saturating a standard 0.1M 
NaOH solution for about 15-20 minutes with H,S gas, the sulphide estimated iodimetri- 
cally, and the solution made up by a calculated amount of 0.1M-NaOH solution, so that 
the final solution contained sodium and suiphur in the ratio of 1: 1. 


Similarly, water was saturated with H,S gas for about half an hour. The sulphide 
was estimated and diluted to give a 0.0o5M-H.S water. Both the sulphide reagents were 
freshly prepared, and always standardised before use. A. R. chemicals were used in all 
these experiments. 

Precipitations with varying amounts of NaHS.—A standard 0.1M sodium arsenite 
solution (10 c.c.) was taken and treated with varying amounts (viz. 10, 20, 30, 40 and 
50 c.c.) of the standard o.1M-NaHS solution. The thioarsenites so formed were 
decomposed with an excess of HCl, and the precipitates of arsenious sulphide filtered 
through a weighed sintered glass crucible (porosity G4), washed thoroughly with water, 
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alcohol and CS, successively, dried at roo-10°, and weighed. The results, when 
graphically represented, show that the precipitation is complete when the ratio of As: 
S=1:4. 

Precipitation by varying amounts of HCl.—In this set of experiments a 
standard 0.05M sodium arsenite solution (10 c.c.) was treated with a known excess of 
o 1M-NaHS reagent (25 c.c.). The thio salt so obtained in solution was decomposed by 
varying amounts of o.1 M-HCl, and the arsenic trisulphide, if present at all in the 
colloidal state, was coagulated by adding 2c.c. of an 1% BaCl, solution. The preci- 
pitates so obtained were collected and weighed after suitable treatment. The results, 
when represented graphically, show that the precipitation starts when all except one 
sodium have been neutra‘ised, and is complete when so much of hydrochloric acid has 
been added as to neutralise all the sodium present therein, e.g. in this case 7 mols. of 
HCl, indicating the important role of the acid conceniration in the precipitation of 
arsenious sulphide from the thio salt. 

Precipitation by H,S-water.—In these sets of experiments the standard 0.05M 
arsenious acid solution (10 c.c.) was taken and treated with varying amounts of 0.05M 
H,S-water so as to give thio-acids having sulphur in the ratio of 1, 1.5, 2, 3 and 4. In 
order to study the effect of px on the precipitation, this was adjusted by adding NaOH or 
HCl solution as the case might be. The arsenious sulphide, which appeared in the 
colloidal state, was coagulated by adding 2 c.c. of an1% BaCl, solution. The preci- 
pitates so obtained were collected and weighed after suitable treatment. The results, 
graphically represented in Fig. 1. indicate the following : 


FIG, 1 


(i) Amounts of arsenious sulphide precipitated go on increasing as the amount of 
sulphur added as H,S is increased, so that the precipitation is complete when As: § 
= 1:3. For the amounts of H,S added, smaller than the above ratio, the precipitates 
are always less than the theoretical value for the production of arsenious sulphide by the 
amount of sulphur introduced. 
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(ii) The precipitation is a function of the hydrogen-ion concentration. 


(iii) The curves of 1, 1.5 and 2 moles of H,S show maxima at py 4, which may he 
due to the association of Ba** ions with the precipitate during the process of coagulation. 
At lower pu values, the colloidal matter produced is small because of the coagulation by 
hydrogen ion itself, so that the adsorption of barium ions becomes negligible. 


(iv) The amounts precipitated by r, 1.5 and 2 moles of H,S are respectively about 
0.5, 0-66 and o0.75th fractions of the total arsenic, i.e., it is much less than the theoretical 
value, if calculated on the basis of arsenic trisulphide, but more if calculated on the basis 
of the thio-acid. ; 


It thus shows that the precipitation occurs by the decomposition of the 
thio-acid. Since these reactions are reversible in nature, some of the liberated H.,S 
produces more of the thio-acid molecules to afford the precipitate of As.S,. It appears 
that by the addition of acid, the equilibrium is shifted in such a way that it produces the 
undissociated thio-acid molecules, and as these decompose, more, of the thio-acid 
molecules are produced from the thioxy ones. 


Dissolution Studies of Arsenious Sulphide.—The reverse process (i.e. the dissolu- 
tion of arsenious sulphide by H,S or alkaline H,S) has also been studied. For this 
purpose, a solution of H,S-water, and other reagent mixtures were prepared in such a 
way that all contained 0.02M sulphide concentration with varying concentrations 
(0.002M—0.02M) of NaOH. Such reagent mixtures (100 c.c. each) were added to 
0.0615 g. of arsenious sulphide, i.e. containing 0.0005 g. atom of arsenic in the reaction 
mixture. The mixtures were shaken well and left overnight. It was observed that 
with (0.002M—-0.01M-NaOH, 0.02M-H,S) reagent mixtures, at first a yellow colour 
developed, but after some time the solutions became colorless. Only colloidal 
sulphur separated out due to oxidation of the polysulphide anions of the type (H,S,°, 
H;S;~ etc.) present in the mixture. Beyond (0.01M-NaOH, 0.02M-H,S), the solutions 
remained colorless throughout ; only arsenious sulphide dissolved slowly, leaving a 
small amount of unchanged As,S; and a little of sulphur in the residue. With only 
H,S-water, a yellow coloured solution with sufficient undissolved arsenious sulphide was 
obtained. 


The unchanged residues were filtered through weighed sintered glass crucibles 
(porosity G 4), washed thoroughly with water, alcohol and CS, successively, dried at 
100-10° and weighed. The amounts dissolved or peptised were obtained by difference. 

In another set of experiments 2 c.c. of an 1% BaCl, solution was added to prevent 
peptisation. The results, thus obtained, show the amounts dissolved due to true 
salt formation. All these results are graphically represented in Fig. 2, which shows 
that: 


(i) Dissolution of arsenioue sulphide occurs mainly through the action of HS~ ions 
on the precipitate, and it proceeds very rapidly to completion as soon as sufficient 
HS" ions are available to give an AsS,°~ ion (viz. beyond the point of o.or2M-NaOH, 
where about 2.5 mols, of NaHS are preseut per each arsenic atom present as sulphide) 
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As.S; + 5HS~ = 2 AsS,°"+5H* 
and is complete where 4 mols, of NaHS are present te each arsenic atom in the 
system. 
FIG. 2 


Cone, im 02M 


(i:) The H,S molecules have got a peptising effect on arsenious sulphide. This 
dissolution due to peptisation is prevented by adding barium chloride, and the second 
curve represents the dissolution due to true salt formation, 

(iii) It is observed that apart from peptisation effects, some arsenious sulphide is 


dissolved in H,S-water, It is due tothe HS*icns present in H.S-water, though in a 
very minute quantity. 


CHEMICAL LABORATORIES, Received October r6, 19572 
Tue UNIVERSITY, ALLAHABAD, 


Amounts dissdved 
+ 
—O— Armounts . 


[Jour. Indian Chem. Soc., Vol. 38, No. 3, 1958] 


OXIDATION OF NN’-DIARYL- AND NN-ALKYLARYL-SUBSTITUTED 
THIOCARBAMIDES. PART 1. THE SO-CALLED 2:5- 
DIARYLIMIDO-3 : 4-DIARYL-1 : 3 : 4-THIODIAZOLES 


By K. S. SuresH 


Hydrogen peroxide oxidation of certain symmetrical diarylthiocarbamides in alcoholic medium 
has been found to afford the respective diarylcarbamides and not thiodiazoles, as reported earlier 
(this Journal, 1928, 5, 661). The unsymmetrical diaryl or alkylary] compounds, however, vield sulphur 
containing products, probably thiodiazoles of yet undecided constitution. 


Oxidation of thiocarbamide and its N-alkyl-substituted homologues leads to 
“formamidine disulphide’ salts as the primary products of oxidation (Werner, J]. 
Chem. Soc., 1912, 1041, 2180; Sahasrabudhey and co-workers:A series of papers in 
this Journal since 1949). N-Aryl-substituted thiocarbamides ou the other hand have 
been reported to form thiazoles (Hunter, J. Chem. Soc., 1925, 127, 2023, 2270, 
et seq; Sahasrabudhey and Krall, this Journal, 1944, 24, 17 ; Sahasrabudhey, ibid., 
1950, 27, 433; Allen and Allen, ‘‘Org. Syntheses’’, 1942, 22, p. 16; Sahasrabudhey, 
Miss Mukherjee and Suresh, Proc. Ind. Sci. Cong., 1958, Part III, p. 135) and 
thiodiazoles (Hector, Ber., 1889, 22, 1177; 1890, 28, 357; Hugershoff, Ber., 1903, 
36, 3121 ; Fromm and Heyder, Ber., 1909, 42, 3804; Lal and Krall, this Journal, 
1939, 16, 32 ; Sahasrabudhey and Krall, ibid., 1945, 22, 37) depending on the conditions 
of reaction. 

By hydrogen peroxide oxidation in alcoholic medium of a few (i) symmetrical 
and (ii) unsymmetrical, aryl and mixed disubstituted thiocarbamides, De and Chakravarty 
(this Journal, 1928, 5, 661) claimed to have obtained certain 2:5-diarylimido-3 : 4- 
diaryl-1 :3:4-thiodiazoles and 2:5-di (arylalkylamino)-1 : 3 :4-thiodiazoles respectively. 

In this oxidative process, the formation of intermediate disulphide products akin to 
formamidine disulphide has been envisaged, as indeed was done by earlier workers also 
(Hector, loc. cit. Cf. Sahasrabudhey and Krall, loc. cit.). 

A reinvestigation of the work of De and Chakravarty (loc. cit.) was carried 
out in the hope of isolating, if possible, the disulphide intermediate products and 
also the thiodiazoles for further study. In the cases of four NN’-diarylthiocarbamides 
examined, the products, although agreeing in m.p. and “%nitrogen content with 
those reported by these authors, are sulphur-free, and these have now been identified 
with the respective NN’-diarylcarbamides. In the other two remaining cases also, 
they are probably identical with the respective diarylcarbaniides, as indicated by agree- 
ment in the melting points (vide Experimental ; Table I). 

NN-Methylphenylthiocarbamide gave a product, m.p. 93-94°, as reported. It is 
found identical with the thiodiazole obtained earlier by Hofmann and Gabriel (Ber., 1892, 
25, 1578) who refer to it as an 1:2:4-thiodiazole. In absence of any definite proof 
for the 2:5-di(phenylmethylamino)-t1 : 3 :4-thiodiazole structure, suggested by De and 
Chakravarty (loc. cit.), the question of the structure of this compound should be 


considered open. 
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SUBSTITUTED THIOCARBAMIDES 


OXIDATION OF 


Oxidation of NN-ethylphenyithiocarbamide gave a compound melting at 58°. 
From its basic nature, non-desulphurisability, molecular weight and suiphur content, 
it also appears to belong to the same class to which the above compound from 
methylphenylthiocarbamide belongs. No compound with m.p. 107-109°, reported 
by De and Chakravarty, could be isolated. 


Thus, it appears that the hydrogen peroxide oxidation of symmetrical diaryl- 
thiocarbamides leads to the respective carbamides, whereas asymmetrical diary] or 
alkylaryl compounds give sulphur-containing derivatives, probably thiodiazoles of yet 
undecided stfuctures. Further work is in progress. 


ExPERIMENTAL 


Oxidation of s-Diphenyl-, s-Di-p-tolyl-, s-Di-o-tolyl-, s-Di-a-naphthyl- and s-Di-f- 
naphthyl-thiocarbamides with Hydrogen Peroxide in an alcoholic medium.—The 
procedure followed was the same as described by De and Chakravarty ‘loc. cit.), 
Thiocarbamide (5 g.) was finely powdered and dissolved in about 50 60 c.c. of alcohol 
by boiling under reflux. The solution was then allowed to cool and when crystals 
had just begun to appear, hydrogen peroxide (4 g.) in 70-80 c.c. solution was added 
giadually within a short time. Heat was evolved and _ turbidity developed 
due to separation of sulphur. Some time after all the hydrugen peroxide had been 
added, a white crystalline mass was thrown out. It was filtered and crystallised 
from glacial acetic acid as well as from alcohol. 


Due to poor solubility of di-8-naphthyl- and di-z-naphthy!thiocarbamides in alcohol, 
a fine suspension of these in hot alcohol was used, as recommended by the above 
authors. No product could be isolated in the case of di-2-naphthyl compound. 
Melting points of products from other thiocarbamides are recorded in ‘Table I 
(column 4). For comparison, melting points of the pioducts obtained by the above 
authors are also recorded (column 3). 


On analysis it was found that ali these products were sulphur-free and therefore 
could not be thiodiazoles. The nitrogen content, as reported by De aud Chakravarty 
(loc. cit}, and the nearness, verging almost on identity, of the melting points with 
those of the respective s-diarylcarhamides suggested that these compounds might be 
identical with the latter. 


Authentic samples of the appropriate s-diarylcarbamides were therefore prepared by 
the method recommended by Vogel (‘A Text-Book of Practical Organic Chemistry’, 
2nd ed., 1954, p- 618) or by a modification of it in the case of s-di-7- and -f- 
naphthylearbamides which were obtained by heating «-naphthylamine and 8-naphthyl- 
amine respectively with urea in the ratio 2:1 at 180° for 14 hours. The melting 
points of these authentic samples on crystallisation from alcohol or glacial acetic 
acid are recorded in Table I (column 5) along with the melting points of the supposed 
thiodiazoles (column 3), 
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TABLE I 


[T denotes thiocarbamide ] 


Oxidation product of Supposed 1 :3 :4- M.P.* M.P.t M.P.3 
thiocarbamides. thiodiazole. 
s-Dipheny1-T 2 :5-Diphenylimido- 228-30° 235-36" 236-37° 
3 :4-diphenyl- 
2. s-Di p-toly!-T 2:5-Di-p-tolylimido- 261° 261° 
3 :4-di-p-tolyl- 
s-Di-o-tolyl-T 2 :5-Di-o-tolylimido- 249° 249-50 249-50° 
3 :4-di-o-toly]- 
4. s-Di-B-naphthyl-T 2 :5-Di-B-naphthyl- 288° 289-90° 293-95° 


imido-3 :4-di-8-naphthy1- 
s-Di-a-naphthy1-T 2:5-Di-a-naphthylimido- 283 85° ons 285° 
3 :4-di-a-naphthy1- 
6. s-Di-m-xylyl-T 2 :5-Di-m-xylylmido-3 :4- 250-5! 247 
di-m-xyly1- 
N.B. No depression in m.p. of the mixtures of thiodiazole and the s-di-carbamide was noticed. 
*, Deand Chakravarty (loc. cit.). 


+, Recorded by the present author 


t. MP. of the respective carbamide according to Srl. number. 


Oxidation of NN-Methylphenyl- and NN-Ethylphenyl-thiocarbamides.—Oxidation 
of NN-methylphenylthiocarbamide under conditions similar to those outlined above 
gave an oily product which solidified on standing. Crystallised from alcohol, it 
melted at 93-04°. It was found to contain both sulphur and nitrogen and its 
identity with Hofmann and Gabriel’s thiodiazote (loc. cit.) was established by un- 
depressed mixed m.p. with an authentic sample of the latter. It also gave a picrate, 
m.p. 142°, as reported (Sahasrabudhey and Krall, loc. cit., 1945). 


NN-Ethylphenylthiocarbamide on similar oxidation gave an oil which solidified 
on standing. It was crystallised from methyl alcohol, m.p. 58°. It gave a picrate 
from alcoholic soiution, m.p. 129-30°. The compound contained both sulphur and 
nitrogen but was not desulphidable with alkaline lead oxide. [l’ound: S, 10.15; 
M.W. (cryoscopic), 314. CisH9N,S requires S, 9.87% ; M.W., 324]. 


No product with a m.p. 107-109° could be isolated and the compound reported 
earlier by De and Chakravarty (loc. cit.) might have been the unchanged impure 
NN-ethylphenylthiocarbamide, mp. 113°. No properties or derivatives have been 
mentioned. 

Sincere thanks of the author areto Dr. R. H. Sahasrabudhey for his interest, 
to Principal S. S. Joshi for the facilities and encouragement and to the Ministry of 
Education for a scholarship. 


CHEMISTRY DEPARTMENT, 

COLLEGE OF SCIENCE, 

BanaRAS Hinpu Received November 11, 1957. 
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CELLULOSE ION-EXCHANGE RESINS FOR PURIFICATION AND 
FRACTIONATION OF PROTEINS. PART II. PREPARATION 
AND CITARACTERISATION OF CARBOXYMETHYL 
CELLULOSE FROM INDIGENOUS RAW 
MATERIALS 


By Kumar Basu aAnp P. K. CHoupHuRY 


Carb>xymethylcellulose has been prepared from indigenous cellulosic raw materials and its 
efficiency has been tested qualitatively by column chromatography. Blotting paper and sulphite 
pulp appear to be satisfactory in this respect. 


Semi-synthetic cellulose ion-exchange resins are typical exampl. of tailor-made 
resins which have been extensively used in column chromatography for the characterisa- 
tion of protein hydrolysate. Celiulose has all the advantages of a highly cross-linked 
polymer. Due to extensive hydrogen bonding it behaves as a strongly knitted cross- 
linked polymer, insoluble in water. It has the additional advantege of a large exposed 
surface to help diffusion. Cellulose, however, can be made hydrophilic by suitably 
substituting the hydroxyl group in the chain and tkereby preventing hydrogen 
bonding. But, if the process is carried too far, the resultant resin becomes highly 
hydrophilic and the whole mass becomes soluble. Best combination of properties 
are obtained, however, only when asmail amount of substitution is effected, which 
results in limited swelling, thus facilitating chromatographic operation, without destroy- 
ing the polymer structure. 

Several cellulose derivatives have been used from time to time in ion-exchange 
column chromatography. Oxy-cellulose (Ott, ‘‘Cellulose’’, Part I, p. 158, Interscience, 
New York, 1954) has been found to have exchangeable carboxylic hydrogen atom 
and can exchange with suitable cations. Cellulose succinic half ester (McIntire 
and Schenck, J. Amer. Chem. Soc., 1948, 70, 1193) and a variety of treated cottons are 
well known for their exchange capacity. Thosphorylated cellulose (Jurgens, Reid and 
Guthrie, Textl. Res. J., 1948, 18, 42) has also been found to have exchange capacity as 
high as1m.e./g. Carboxymethylcellulose has been found to satisfy all the require- 
ments of a good ion-exchange resin. Recently carboxymethyl-(CM)-cellulose, has been 
used by Peterson and Sober as an adsorbent in ion-exchange column chromatography 
for the fractionation of proteins (J. Amer. Chem. Soc., 1956, 78, 751). 


ExPERIMENTAL 


The following cellulosic materials were used for the preparation of carboxymethyl- 
cellulose 

(a) Whatman genuine filter paper No. I. 

(b) Absorbent cotton: Mostly prepared from short staple Indian cotton, available 
in the market, 


. 
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(c) Egyptian raw cotton: Menaufi-52-53. Colour, dark ; staple-length 1-14/32” to 
1-1/2”. 
(d) Blotting paper: As available from market and is known to be made from bam- 
boo pulp. 
(e) Sulphite pulp: Supplied by Indian Paper Pulp & Co. Ltd. and is known to be 
prepared from bamboo pulp. 
Reagents used were (1) chloroacetic acid, {2) caustic soda bead, (3) glacial acetic acid, 
all analytically pure. 
The cellulosic materials were analysed for their ether, alcohol-benzene extractable 
content, moisture and ash content. ‘The total, 2z-, 8- and y-cellulose contents of 
each variety of the cellulosic materials were determined (Table I). 


TABLE I 


Analysis of starting materials. 


Starting Moisture. Ash. %Extractable with % Cellulose. 
materials. Ether. Ethanol-benzene. a, B. 


Filter paper 5.00% 0.053% 0.15 0.38 98.60 1.25 0.65 
Absorbent cotton 5.50 0.510 0.52 0 83 97 40 2.08 1.46 
Egyptian cotton 5.20 1.030 0.63 1.16 96.20 2.80 0.75 
Blotting paper 5.59 0.550 0.25 0.43 94-49 1.59 3.56 
Sulphite pulp. 6.10 1.050 0.49 0.78 73:0 14.80 11.60 


Carboxymethylcellulose was prepared according to the method of Peterson and 
Sober (loc. cit.) in the form of a white granular powder. 

Characterisation.—The active grouping in (CM)-cellulose for ion exchange is 
_the carboxy] substituent in the ether methyl group. The exchange capacity is 
directly dependent on the total carboxyl content, expressed as m.e./g. of the subs- 
tance. ‘Theoretically all the three hydroxyl] groupsin each anhydroglucose unit of the 
cellulose chain may be substituted, but the most common degree of substitution 
ranges from 0.4 to 0.8 m.e./g. of the substance. The carboxyl content was de- 
termined by the direct acid wash method of Eyler et al. (Anal. Chem., 1947, 19, 24). 

The exchange capacities and other characteristics cf (CM)-cellulose are shown 
in Table II. 

TABLE II 
Starting materials, A*, **D.S, Qualitative S.C. with Nature of flow. 
respect to D.S. 
Filter paper 0.64 0.107 Tc lerable Good flow with suction. 


Absorbent cotton 0.21 0.035 Low Good flow without suction. 


Egyptian cotton 0.20 0.033 Low Do 
Blotting paper 0.55 0.092 Slight Flow helped by suction 
Sulphite pulp 0.45 0.074 Slight Do 


#4 (¢.c. of NaOH xN) —(c.c. of HCI x N) 
> g. of substance 


= m.e. of total carboxyl per g. of sample. 


** DS. = degree of substitution = 0.162 A/(1—0.058 A) 
S.C. = swelling character. 
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The actual behaviour of the adsorbent as ion-exchange resin under column chro. 
matographic conditions was studied by the method adopted as follows. * (CM)- 
cellulose (5 g.) was made a slurry with 0.005M Na-phosphate buffer (100 c.c.) and 
was poured into the glass column (12” x 1”). The slurry was allowed to settle 
under gravity, but towards the end a compressed air pressure of ro lbs,/sq. in. was 
applied at the top to make the column more compact. 


Freshly prepared egg-albumin solution (1%, 1 c.c.) with bromophenol blue was 
mixed with lyophilised haemoglobin (1 c.c.), followed by 0.005 M phosphate 
buffer (1 c.c.). This mixture was added dropwise to the column. The albumin 
solution was coloured blue due to bromophenol blue. After the addition was com- 
plete, a sharp band gradually formed at the top of the column, which slowly separated 
into a blue and a brownish red regions as the elution was continued with equili- 
briated buffer solution. ‘Towards the end there was complete separation. ‘The blue 
albumin solution was collected in one test tube and the brownish red haemoglobin 
was collected in another. 


DISCUSSION 


From Table II it is seen that the exchange capacity varies depending on the 
physical nature of the starting material. The low exchange capacity of the two 
fibrous samples, e.g. absorbent cotton and Egyptian cotton, may be due to less 
available surface of reaction as these could not be well shredded to a fine powder 
owing to their very fibrous character. The other three samples were made from 
well shredded cellulose, and thus gave better results, 


To avoid extensive degradation which caused too much swelling later on, 
the reaction conditions were suitably adjusted for the two materials, e.g. sulphite 
pulp and blotting paper. The reaction conditions were so adjusted as to give as 
high ‘A’ value as possible with minimum degradation. Since chloroacetic acid is 
a well-known intermiceller swelling agent, the reactions in these cases were carried 
out at a low temperature of —5° and the subsequent heating was done for only 
25 minutes. 


Extensive swelling observed with (CM)-cellulose, obtained by the usual treatment 
on sulphite pulp and blotting paper, may reasonably be attributed to the degrading 
effect of the etherifying agent as well as to lower D.P. of the starting material. 


Under the column condition, low acid (CM)-cellulose gave a diffuse band and did 
not work well under elution conditions. But with (CM)-celluloses having ‘A’ values 
varying from 0.64 to 0.45, a sharp band was obtained and showed excellent elu- 
tion characteristics with mild eluents like dilute phosphate buffers. 
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From the above results it may reasonably be concluded that there is a good 
possibility for the utilisation of the available raw materials, for the preparation of 
(CM)-cellulose as an ion-exchange resin. In this paper, only qualitative separation of 
proteins on (CM)-cellulose has been attempted. The quantitative separation is in pro- 
gress and will be reported in due course. 

Thanks are due to Messrs. Indian Paper Pulp Co., Ltd. of Hazinagar (Naihati) 
for the supply of sulphite pulp. 

DEPARTMENT OF APPLIED CHEMISTRY, 


UNIVERSITY COLLEGE OF SCIRNCE AND TECHNOLOGY, 
CALCUTTA. Received September 4, 1957. 
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PHENYL AND NITROPHENYL TITANATES 


By SArju PRASAD AND JAr Bent PRASAD TRIPATHI 


Titanates of some di- and trihydroxyphenols and mono-, di- and trinitrophenols have been 
prepared by the action of titanic bromide on these phenols and nitrophenols, and their properties 
studied. The organic components of the titanates have been estimated potentiometrically by the 


excess bromination method, 


Levy (Ann. chim. phys., 1893, vi, 28, 433) prepared phenyl, m- and >-cresyl, thy- 
myl and *-naphthyl titanates by the action of TiCl, on the corresponding phenol in 
benzene solution and studied their properties. He obtained a brick-red substance 
of the composition 2TiCl,.Ti[O.C,H.(NO,));], by treating TiCl, with picric acid 
in benzene solution, which on prolonged boiling in the solvent gave picryl titanate 

Rosenheim and Sorge (Ber., 1920, 53, 932) and Rosenheim et al. (Z. anorg, 
Chem., 1931, 196, 160) prepared titanates of catechol by dissolving titanic acid in 
alkaline solution of catechol having the composition M,[Ti(C,H,O,),;].2H,O (where 
x is usually 1). Besides, photometric studies of hydroquinone and pyrogallic acid 
complexes of titanium were carried out by Ikenberry et al. (Anal. Chem., 1953, 
25, 1340) and absorption spectra for these complexes were given in the near ultraviolet 
and visible regions. 

The present communication deals with a systematie study of the titanates formed by 
the action of some di- and trihydroxyphenols and mono-, di- and trinitrophenols 


on titanic bromide. 
EXPERIMENTAL 


The chemicals used were of Merck or B.D.H. ‘extra pure’ quality. The phenols 
or nitrophenols were recrystallised before use. Titanium tetrabromide was prepared 
by the method of Olsen and Ryan (J. Amer. Chem. Soc., 1932, 5%, 2215), redistilled at 
230° and extracted with anhydrous ether. 

General Procedure.—Ethereal solutions of ‘TiBr, and phenol or nitrophenol were 
mixed together and the mixture slowly warmed at about 50-60° on an oil-bath 


for about half an hour. The temperature of the bath was then slowly raised and 
finally the residue was heated at a temperature slightly higher (10-15°) than the 
m.p. of the corresponding phenol or nitrophenol till HBr had ceased to evolve. 
It was observed that the reaction started even at the ordinary temperature with 
the evolution of HBr and becatne more vigorous with the rise in temperature. The mass 
was taken out, washed well with anhydrous ether, dried at about 40-45°, analysed 


and its properties studied. 
As phenolphthalein is insoluble in ether, its reaction with TiBr, was carried 


out in alcoholic medium. In this case the reaction was slow as compared with 
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other titanates, and complete only when the mixture was heated at 260-70° for about 4 
hours. The reaction product was washed well with alcohol and analysed. 


Estimation.—The phenols or nitrophenols of the corresponding phenyl or nitrophe- 
nyl titanates were estimated potentiometrically by the excess bromination method, 
but the method was not successful in the case of compounds formed with pyro- 
gallol, phenolphthalein, 2 :4-dinitro-2-naphthol and picric acid. Hence, in these tita- 
nates carbon and hydrogen were estimated by combustion method, nitrogen by the 
Dumas method and titanium, as TiO,. 


Estimation of Phenols and Nitrophenols.—The compound was weighed out accurately 
(about o.1-0.7 g.) and treated with a warm 2N solution of NaOH, filtered and the 
residue Ti(OHi, washed well with hot water. The filtrate and the washings were 
collected and the volume made up to 250 c.c. The solution (25 c.c.) was pipetted 
out in an iodine flask and 15 c.c. of each solution, 4N-HCl, M/2-KBr and o.1N- 
KBrO, were added to it and the mixture kept for about half an hour with fre- 
quent shaking. o.1N-As.O, (15 c.c.) was then added to .it and filtered in 
case any turbidity or precipitate appeared. It was transferred to the titrating 
vessel and titrated with o.1N-KBrO;. From the amount of bromine consumed, the 
quantity of phenol or nitrophenol present in the compound was calculated. The 
results are recorded in Table I. 


As some of the phenols or nitrophenols used formed mono-, di-, tri- and even 
tetra-bromo derivatives, a blank titration was carried out in each case. The quantities 
of bromine consuined by them are also shown in Table F. 


TABLE I 


[T denotes titanate] 


: Compounds taken. Wt. of the pheno! cr nitrophenol Bromine consumed per 
available. mole of the phenol 
or nitrophenol. 
Cale. Found. 
Phloroglucinol, 0.1230 g. 0.1230 g. 0.1228 g. 3 Brg 
o-Nitrophenol, 0.2876 0.2876 0.2876 2 Brg 
Resorcin-T, 0.1246 0.1038 0.1032 3 Brg 
Catechol-T, 0.1510 0.1258 0.1255 4 Bre 
Phloroglucinol-T, 0.0908 0.0773 0.0768 3 Brg 
Hydroquinone-T, 0.2024 0.1687 0.1690 1 Brg 
o-Nitrophenyl-T, 0.2098 0.1944 0.1936 2 Brg 
m-Nitrophenyl-T. 0.1676 0.1551 0.1558 3 Brg 
p-Nitrophenyl-T, 0.2738 0.2537 0.2526 2 Brg 


2 :4-Dinitrophenyl-T, 0.6824 0.6488 0.6463 1 Brg 
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PHENYL AND NITROPHENYL TITANATES 


Tasie II 


Phenols. Mol. formula of Coloar. % Titanium. % Carbon. %, Hydrogen. 
corresp. titanate. Found. Calc. Found. Cale. Found. Calc. 


Resorcinol Ti(CgHyO2)2 Black 18.12 18.18 54.25 £4.55 3-01 3.03 

Catechol Ti(CgHyOq', Deep brown 18.10 18.18 54.46 54.55 3.02 3.03 

Pyrogallol Ti(CgH302.0H), Brownish 16.15 16.22 48.46 48.65 2.68 2.50 
black 


Chocolate 18 21 18.18 54.67 54-55 3 04 3-03 
brown 


Ti(CgH302.0H), Deep reddish 16.20 16.22 48.41 48.65 2.69 270 
brown 


Shining 7.03 7.06 7016 70.59 344 2.53 
black 


Hy droquinone 


Phloroglucinol 


Phenol phtha- 
lein 


Ti 


Tas.e IIT 


Mol. formula of Colour. M.P. % Titanium. % Carbon. % Hydrogen. % Nitrogen. 
corresp. titanate. Found. Calc. Found. Calc. Found. Calc. Found. Calc. 


Nitro- 
phenols. 


o-Nitro- Ti(NO3.CgH,O), Shining ... 7.98 8.00 23.89 24.00 2.65 2.67 9.29 9.33 
black 

m-Nitro- Ti(NO,.CgH,O), Greyish .. 7.96 8.00 24.10 24.00 2.68 2.67 9.37 9.33 
black 

p-Nitro- Ti(NO,.CgH,O), Greyish 97° 7.96 8.00 23.90 24.00 2.66 2.67 9.29 9.33 
black 

2:4-Dinitro- Greyish 110.6" 6.17 6.15 37.07 36.02 1.55 154 14.42 14.36 
brown 

Picric-acid. Ti{(NO,)3CgH,O], Deep 152° 4.98 5.00 30.21 30.00 0.82 0.83 17.38 17.50 
dark 
brown 


2:4-Dinitro- Ti[(NOg)gCjgHsO], Pitch- 122° 4.91 4:99 48.62 48.98 2.02 2.04 11.37 11.43 
a naphthol. black 


DiIscuSSION 


All the compounds formed with phenols and titanium tetrabromide are very stable 
and insoluble in common organic solvents except those formed with resorcinol and 
phloroglucinol, which are sparingly soluble in alcohol and begin to hydrolyse even 
at the room temperature. All these titanates are slightly soluble in dilute mineral 
acids but readily in HNO,(conc.) or aqua regia except phenolphthalein titanate, which is 
insoluble even in concentrated acids. They hydrolyse slowly with water and alco- 
hol, but readily with alkalies, and Ti(OH), is precipitated. The reaction with trihydroxy- 
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phenol is more vigorous and is over in shorter duration. On analysis it has been 
found that only two hydroxy! groups take part in the reaction. In absence of the 
requisite data to fix the position of free ‘OH) group, no definite structural formulae 
can be assigned to the compounds formed with TiBr, and trihydroxyphenols. 

The compounds formed with mono-, di- or trinitrophenols are similar to those 
formed with phenols, but these are insoluble in ether, petroleum ether, carbon tetrachlo- 
ride and benzene. Unlike the compounds formed with di- or trihydroxypheuols, 
some of the nitrophenyl titanates give sharp m.p. (vide ‘able III). The analysis 
of these compounds indicates that four molecules of nitrophenols react with one 
molecule of TiBr, to give the corresponding nitrophenyl titanate and may be represented 
like the phenyl titanates, prepared by Levy (loc. cit.). 


The authors’ sincere thanks are due to Dr. S. S. Joshi, D. Sc., Principal, College of 
Science, for providing facilities. 


CHEMICA‘, I,ABORATORIES, 
BANARaS HINDU UNIVERSITY, 
VARANASI*5 Received September 2, 1957. 
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INTERACTION OF CHARCOAL WITH CHLORINE WATER 


By Barwant Rar Puri, D. D. SINGH, JAGDISH CHANDEk AND LekH Raj SHARMA 


The ‘interaction of charcoal with chlorine water has been investigated. The reaction 
appears to involve the conversion of chlorine into hydrochloric acid and surface oxidation of 
charcoal. The reaction is fairly vigorous to begin with, slows down soon after and ultimately 
stops. The capacity of charcoal to bring about the reaction appears to depend on its capacity 
to chemisorb oxygen. 


The interaction of charcoal with chlorine water has not been properly 
investigated although it is reported (Behram and Gustafson, Ind. Eng. Chem. 
1925, 27, 426) that activated charcoal can be employed for the removal of chlorine 
and iodine from water. In view of the fact that activated carbon has general 
adsorption tendency towards oxidising agents (Kruyt, ‘‘Colloids’’, 1930, John 
Wiley & Sons, N.Y.), it would be of interest to know whether the halogens are 
aisorbed because of their behaviour as oxidising agents. The present paper describes the 
results obtained on treating different samples of charcoal with chlorine water 
which appear to throw some light on the mechanisin of the reaction involved. 


ExPERIMENTAL 


Two varieties of charcoal, prepared by the carbonisation of recrystallised cane 
sugar (by means of pure sulphuric acid followed by exhaustive washings with hot 
distilled water) and coconut shells (by heating small pieces at about 350° in a 
limited supply of air), were used in the various experiments. Sugar charcoal was 
almost free of ash, while the coconut-shell charcoal was extracted with hydro- 
fluoric acid to lower its ash content to about 0.25%. 

Each sample was divided into three portions: one was labelled as ‘“‘original 
sample’’ and was used as such; the second was “activated’’ in vacuum at 700°, 
and the third at 1200° in order to remove all types of oxygen and adsorption 
complexes. A part of the sample, degassed at 1200° (10 g. at a time), was 
reactivated in a stream of oxygen (2 litres/hr.) at 4oo° for 8 hours. This 
treatment has been shown (Puri, Nath and Sharma, Chem. & Ind., 1956, 44, 
1309; Weller and Young, J. Amer. Chem. Soc., 1948, 70, 4155) to result in the 
‘fixation’ of a large amount of oxygen. 

A 0.075N solution of chlorine in water could be easily prepared ai the pre- 
vailing. temperature and was used in the various experiments. 

Procedure.—Charcoal (2 g. sample) was mixed with chlorine water (400 c.c.) 
and the suspension shaken mechanically for different intervals of time in preliminary 
experiments, and for about 5 hours in subsequent experiments in closed bottles (wrapped 
in thick black papers) of 600 c.c. capacity, after which an aliquot of the clear 
supernatant liquid was examined for free chlorine and hydrochloric acid by the 


usual analytical methods. 
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The various samples of charcoal, before as well as after treatment with 
chlorine water, were subjected to evacuation in a resistance tube furnace at 1200°, and 
the gases evolved were analysed in the following sequence: Water was removed in 
calcium chloride tubes and carbon dioxide in a series of Erlenmeyer flasks containing a 
known amount of barium hydroxide solution. Carbon monoxide and hydrogen in the 
rest of the gaseous mixture were estimated in Orsat-Lunge gas analysis apparatus iu the 
usual way. 

TABLE I 


Conversion of chlorine water into hydrochloric acid after 
shaking for diff. intervals of time. 


Amount of chlorine initially taken = 30 m.e. (400 c.c. of 0.075N soln.). 


Amount of hydrochloric acid formed 
Time of Without charcoal. With charcoal 
shaking. Hcl Total of Clo left HClin HClre- Total HCl Total of 


unchanged, formed. 2and3. unchanged. soln. coveredfrom formed. Cl, & HCl. 
charcoal. 
2 3 4 5 6 7 8 9 

13 min. 2905 m.e. 0.40M.e. 2945 m.e. 14.98m.e. 13.55 m.e. 0.82 m.e. 14.37Me. 29.35 

30 29.04 0.46 23.50 11.73 16.70 0.86 17-56 29.29 

60 29.11 0.49 29.60 9-53 18.85 0.92 19.77 29 30 
120 29.01 0.54 29.55 8.18 20.20 1.02 21.22 29.40 
240 28.95 0.60 29.55 6.94 21.45 0.96 22.41 29.35 
360 28.86 0,64 29.50 6.83 21.50 1,00 22.50 29.33 
480 29.02 0.65 29.67 6.86 21.45 1.04 22.49 29 35 


DISCUSSION 


It is seen (Table I) that while in the presence of charcoal the conversion of chlorine 
into hydrochloric acid takes place appreciably, in its absence it takes place only to the 
extent of about 2%. The hydrochloric acid formed was found to be mostly in solution ; 
only a small amount was adsorbed by charcoal which too could be recovered on 
washing with hot distilled water as shown in the table. The reaction seems to 
be fairly rapid to begin with which shows incidentally that charcoal is highly 
efficient for the removal of chlorine gas from water. However, the reaction appears 
to come to a stand-still after about 4 hours. This might be attributed to the very 
low concentration of chlorine left in the solution at this stage. In order to verify 
this, the supernatant liquid, after the attainment of equilibrium, was rep'aced by 
a fresh solution (400 c.c.) of the gas. The analysis of this solution, after 5 hour's 
shaking with charcoal, showed that only 4.8 m.e. of the gas had changed 
into hydrochloric acid. Subsequent renewal of chiorine water, however, did not 
produce any more hydrochloric acid, even when the shaking was extended for a 
further period of 6 hours. 

It is evident therefore that the reaction ultimately tends to come to a ‘stop’. 
Thus, charcoal does not act as a catalyst in the ordinary sense of the term. 
Rather, it is more likely that charcoal itself takes part in the reaction as a result 
of which it is changed into a form in which it is incapable of ‘reacting’ further. 
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As the entire amount of chlorine added to charcoal is accounted for either 
as chlorine gas left unchanged or as hydrochloric acid produced (Table I), it is 
evident that none of it is fixed by charcoal as such. 


TABLE II 


Converson of chlorine into hydrochloric acid in the presence 
of variously treated samples of charcoal. 


Amount of hydrochloric acid (in m.e.) formed in case of 


Sugar charcoal. Coconut-shell charcoal. 
Nature of 
charcoal. In soln. Recovered from ‘Total In soln. Recovered from Total 

charcoal. formed. charcoal. formed, 

Original 25-71 1.50 27.21 19.18 0.86 20.04 
Evac. at 750° 21.08 1.88 22 96 16.98 092 17.90 
Evac. at 1200° 12.67 2.29 14.87 10.82 0.96 11.78 
Evac. at 1209° 
& treated with 
Oy, at 4c0° 27-75 1.58 29.43 22.02 0.84 22.86 


The results obtained with the various samples of sugar and coconut-shell charcoals 
(2 g.) after treating twice with 400 c.c. of 0.075N chlorine water in the manner, 
explained above, are recorded in Table II. The capacity of the ‘“‘original’’ 
samples to convert chlorine into hydrochloric acid is seen to decrease progressi- 
vely on degassing at 7oo° and 1200°. However, when the completely degassed 
samples are treated with oxygen, the initial capacity (for the reaction) is more 
than restored. It is also seen that the sugar charcoal has a greater capacity for the 
reaction than the coconut-shell charcoal. This may perhaps be due to greater surface 
area of the former (Puri and Sharma, J. Sci. Ind. Res., 1956, 15B, 178). 

The conversion of chlorine water into hydrochloric acid evidently involves the 


well-known reaction, 
cl, + H.O 2 HC! + (0) 


The function of the charcoal presumably is to take up tkis oxygen in some 
form and its capacity to take up the oxygen probably determines its capacity to 
bring about the reaction. Now this oxygen may either give rise to low tempera- 
ture combustion of charcoal or may be chemisorbed. The former possibility was 
tested by analvsing the gas above the reaction mixture, in each bottle, in Orsat- 
Lunge gas analysis apparatus, and the latter by evacuating the charcoal at 1200° 
(after drying in air-oven at 150°) and carefully analysing the gases evolved. 
However, little or no carbon dioxide or carbon monoxide was found in the 
space above the reaction mixture, showing complete absence of low-temperature 
combustion. ‘The results of the evacuation experiments (Table III) show that more 
carbon dioxide is evolved from the samples after treatment with chlorine water 
than before. and consequently there is an increase in the total oxygen (calculated from 
CO., CO and H.O evolved) as well, This shows clearly that most of the oxygen, 
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wesalting from the conversion of chlorine into hydrochloric acid, becomes chemisorbed 
charcoal: and: that it is.almost entirely disposed of as carbon dioxide and is 
evolved as such on high temperature evacuation. It is interesting .to note that 
the sample evacuated. at 1200°, which is almost free of oxygen, chemisorbs an 
appreciable amount of oxygen on treatment with chlorine water. 


Tasie III 


Amounts of gases evolved on evacuating at 1200° from different samples of sugar 
charcoal before and after treatment with chlorine water. 


wh 
‘Nature of Amounts of gases evolved (mg./g.). Totaloxygen Increase in O, content Amount of cry 
Sample. .. CO. H,O. Hy. evolvedas ontreatment in terms of HCl pro- 
COz,CO & with Clg m.e./g. duced as the 
( (mng-/g-) at 2 
mg./ 2. ™.¢€./ 2g. 
Before treatment 1342 155-0 125.0 14.96 297-18 93-94 11.75 13.50 
After treatment 2466 1499 141.9 13.78 301.12 Tt 
Evacuated at 750° : 2? 
Before treatment 4-4 112.4 64.5 12.60 124.74 84.76 10.59 11.48 
After treatment 101.2 -115.3 78.7 11.54 209.50 
Evacuated at 1200" : 
Before treatment Nil- Nil Nil Nil 53.02 6.63 743 M 
. After treatment 62.4 Nil 8.6 Nil. 53.02 : TI 
Evacuated at 1200° & ha 
treated with Oy at 400°: 1SO 
* Before treatment ‘83.1 36.0 Nil 143.07 107.52 13.44 
: After treatment = 230.2 8.4 36.3 Nil 250.59 = 
BI 
. The increase in the oxygen content of each sample, expressed in terms of ha: 
mg./g. is given in column 7 and in terms of m.e./g. in column 8 (Table III). It is tur 
interesting to note that the m.e. of oxygen chemisorbed per g. charcoal agrees fairly see 
-- well’ with the m.e. of HCl produced (column 9) during the reaction, as required 
by the stoichiometric equation given above. ‘Thus, the entire amount of the oxygen so 
‘evalved during the reaction is accounted for. Evidently, this oxygen is chemisorbed co! 
_by charcoal and enriches its oxygen complexes so long as the charcoal is in a position Th 


“to take up oxygen. 

The presence of oxygen complexes in charcoal is known to affect appreciably 
“its surface behaviour and surface properties such as acid-base adsorption, moisture 
“ retention, ammonia adsorption and heat of wetting (Weller and Young, loc. cit.; 
. Puri et al., loc. cit.; Bruns, Maximova and Pos, ‘Kolloid Z., 1933, 68, 286; per 
. Pierce et al, J. Amer. Chem, Soc., 1951, 78, 4551; Anderson and Emmett, 
a * Phys. Chem., 1952, 56, 756; Kraus, ibid., 1055, 59, 343). The treatment of 


* ‘charcoal with chlorine water thus places at our disposal a convenient method for 26. 
_ preparing charcoals with such characteristics. This is also an interesting case of anc 
“ low-temperature surface oxidation of charcoal. 4.5 
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A STUDY OF THE HYDRATED COPPER SALTS OF BF,0?~, BeF,*~ 
AND SO,?- IONS AT DIFFERENT TEMPERATURES 


By DHRUBARANJAN DasGupta, ASIMBIKASH RAy AND GRIHAPATI MITRA 


The powder photography of CuBF;0.5H,0 has shown that it is not isomorphous with CuSQ,.sH,0, 
while CuBeF,.5H3O. is isomorphous with CuSO,4.5H,O. All these three compounds, however, form mixed 
crystals. These three compounds were heated to 250°. The loss in weight cof CuBF,;0.5H,O suggests 
the formation of CuO. This has been verified by X-ray as well as by chemical analysis. CuBeFy.5H,O 
at 250° affords a mixture of CuF:, BeF, and traces of BeEO. No anhydrous compound, such as CuBF;0 


or CuBeF, has been obtained. 


The three anions, BeF,?~, BF,;O*~ and SO,?~ are isosteric and isoelectronic. 

The chemical analogy between BeF,?~ and SO,2~ ions has been established (Ray, 
Z. anorg. allgem. Chem., 1931, 201, 289 ; 1932, 205, 257). The X-ray diffraction study 
on some of these fluoroberyllates has also been carried out (Mukherjee, Curr. Sci., 
1934, 8, 66). The chemistry of oxyfluoroborate ion has been studied recently by 
Mitra (Science G Culture, 1953, 19, 106) amd Ray and Mitra (unpublished). 
The similarity in chemical properties between the salts of SO,?~ and BF,0O’™ ion 
has been proved in general, and barium or lead sulphates have been shown to be 
isomorphous with the corresponding oxyfluoroborates, 
BF,O*~ ion, however, is not as stable as SO,’ ion, At higher temperatures 
BF,0*~ .ion breaks down and BF; (gas) is evolved. The SO,*~ ion, on the other 
hand is very stable and SO, leaves the molecule only at a very high tempera- 
ture. The central element being metallic in character, no such phenomenon is 
seen with the BeF,’~ ion 

The effect of heating the pentahydrated copper salts of BF,;O*~, BeF,.’~ and 
SO.2- ions at different temperatures was studied by the chemical analysis of the 
compounds obtained at different temperatures, and also by X-ray diffraction spectra. 


The present paper describes the results. 


EXPERIMENTAL 


A. R. quality pentahydrated copper sulphate was used. Copper fluoroberyllate 
pentahydrate and copper oxyfluoroborate pentahydrate were prepared by the me- 
thods described before. All the compounds were recrystallised. 


The results of analysis of CuBeF,.5H,O and CuBF,0.5H,O are : (Found'; Cu, 
26.52 : Be, 3.62; F, 31.73 Calc. for CuBeF,.5H,O:Cu, 26.63 ; Be, 3.78; F, 31.84%) 
and (Found : Cu, 26.84; B, 4.50; F, 23.90. Calc. for CuBF;0.5H,O: Cu, 26.83 ; B, 
4.56 ; F, 24.05%). 
The powder photography of these three compounds was taken at about 30°. 
Tables I and II record the results. 
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TABLE I TABLE II 
CuBF;0.5H,0. CuBeF,.5H,O. 

d. Intensity. d, Intensity. d, Intensity. d, Intensity, 
4-75 v3 1.71 m 5-45 vs 2.42 m 
4.36 vs 1457 m 4.67 s 2.33 w 
3-48 Vs 1.42 w 4.02 s 2.14 Ww 
2.69 m 1.38 w 3-73 s 2.05 m 
2.38 m 1.34 w 3-44 w 1.91 Ww 
2.16 s 1.29 w 3-27 m 1.83 w 
1.9! Vs 1.27 w 3.04 w 1.77 Ww 

2.75 w 1.38 Ww 


N.B. vs = very strong, s = strong, m = medium, w = weak. 


The powder picture of CuSO,.sH,O has been reported before. The picture 
which was taken during the present investigation agreed with the one reporied 
earlier. Hence, results are not given here. 

The powder pattern cleariy reveals that CuSO,.5H,O is isomorphous with 
CuBeF,.5H.O, while the structure of CuBF;0.5H,O is different. It might be men- 
tioned in this connection that in spite of this difference CuSO,.5H,O formed 
mixed crystals with CuBF,0O.5H,0. 

Copper in CuSO, 5H.O is at the centre of an irregular octahedron, the two 
distorted poles of which are occupied by oxygen atoms belonging toSO,’~ groups 
(Beevens and Lipson, Proc. Roy. Soc., 1934, A146, 570; Krishnan and Mukherjee, 
Phys. Rev., 1938, 54, 533). In CuBeF,.5H.,O, fluorine atoms are obviously situated 
at the two poles. It may be suggested that in BF;O*~ ion ali the four atoms 
situated at the four corners of the tetrahedron are not the same, and hence, 
distortions caused by them are not uniform. The excact reason for this anomalous 
behaviour, however, demands further study. 

The compounds were heated to 250° and the losses in % weight of the com- 
pounds at different temperatures were recorded (Table III). 


TABLE III 
Temp. CuBF,0.sH,O. CuBeF,.sH,0. CuSO,.sH,0. 
50° 361% 11.85%, 20.32% 
4.03 18.50 23.03 
80° 9.68 28.50 28.66 
go® 60.24 32.85 28.85 
100° 60.20 33-90+ 29.09 
120° 62.00 34.93 29.20 
130° 62.70 35-43 29.25 
150° 63.80 35-85 29-27 
160° 64.34 36.19 30.80 
180° 65-39 37.58 33-55 
190° 66.27 37 92 34-33 
200° 66.27 38.11 35.18 
220° 66.51 38.28 35.26 
66.51 38.36 35-39 


250° © 66.51 38.36 35-48 
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It was observed that from 80°-90° there was a sharp change in CuBF;0.5H,O. 
In the vicinjty of S0°, this compound lost only one molecule of water, Loss in 
wt. at 80°=9.68% (calc. for CuBF,0.4H,0, loss = 7.15%). 

When the remaining fout molecules of water left the compound, the crystal structure 
was broken -and BF, was simultaneously evolved. It is interesting to note in this 
connection that four out of five molecules of water in CuSO,.5H,O are in the 
sane plane with the copper atom and these only take part in the formation of 
octahedron, mentioned above. 

At 250°, 66.51% of the compound was lost. Theoretically therefore, this com- 
pound should be CuQ. ‘Loss calculated for CuO from CuBF,;0.5H,O = 66.32). 
Chemical analysis of the compound is (Found : Cu, 79.72%. Calc. for CuO: 
Cu, 79.89%). ‘ 

The spacings, calculated from the powder picture of the compound, are shown 
in Table IV. 


TABLE IV 


CuBF,0.5H,0O (after being heated to 250°). 


d 2.50 2.31 1.84 1.71 1-57 1-50 1.4% 1.37 1.30 1.16 1.09 1.01 


Intensity ... vs vs w w w m m w w w w w 


This picture was compared with the standard spacings given for CuO, and proved 
to be identical. 

In the case of copper fluoroberyllate, water molecules started to escape rapidly 
before 80°. The crystal structure was also automatically broken at this temperature, 
The present investigation could not identify any anhydrous compound such as CuBeF,. 

As the flouride of beryllium is not volatile, a mixture of BeO, BeF, and CuF, has 
been fonnd to be formed at 250°. It has been shown before that chemically pure BeF, 
is obtained only when fluoroberyliate is heated in an inert atmosphere. Under 
ordinary conditions a mixture of BeO and BeF, always results. (Loss in wt. 
observed at 250° = 38.36%. Calc. for the conversion of CuBeF,.5H,O to CuF,.BeO 
=47.07%. Calc. for the conversion of CuBeF,.5H.O to CuF,.BeF, = 37.8%). 


The presence of CuF, was verified by X-ray as well as chemical analysis. 
The powder picture revealed only the presence of CuF,. Beryllium was, however, 
found by chemical analysis. Due to the deliquescent nature of BeF,, the X-ray 
picture revealed the presence of CuF,.2H,O rather than anhydrous CuFs 


TABLE V 


CuBeF,-5H,0 (heated to 250°). 


d oni 4-73 3-52 2.56 2.44 2.14 1.96 1.61 1.50 1.33 1.22 
Intensity eve vs ow s w w m w w w w 


This picture was compared with the standard spacings given for CuF,.2H,O 
and proved to be identical. 
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The results of of this are also given below. 


DEPARTMENT OF CHEMISTRY, 
City CaLcutra-9. 


% Cu. 
Found : 45-88 
CuF3.BeF3 requires : 42-79 
CuF;.BeO requires : 50.21 


46.31 6.22. 
§1-14 

30.00 


In the case of CuSO,.5H,O, anhydrous CuSO, is formed, but this work has 
been reported previously so that detailed descriptions are not given here. 


’ The best thanks of the author are due to Prof. N. N. Ray, D.Sc. and Prof. P. C. 
Rakshit, Ph. D., both of the Presidency College, Calcutta and also Prof. K. Banerjee 
D.Sc., formerly of the Department of X-ray, Indian Association for the Cultivation of 
Science, for offering all the facilities to work in their laboratories. 


Received March 20, 1957. 
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_ACIDOID BEHAVIOUR OF CHARCOAL AS A FUNCTION OF ITS OXYGEN 
s COMPLEXES. PART II. INTERACTION OF CHARCOAL WITH 
SALT SOLUTIONS 


By BALwant RAr Puri, GuRCHARAN SINGH AND LEKH Raj SHARMA 


_ . The interaction of a few samples of charcoal with sodium, potassium and barium salts of a few 
orgapic acids has been studied and the results interpreted on the basis of distribution of a base between 
two weak acids. The relative strengths of the acids obtained bv the data are quite close to the theoretical 
values, irrespective of the nature of the charcoal or that of the salt used. 


“A good deal of work, as summed up by Bancroft (“‘Applied Colloid Chemistry”, 
1932, 3rd ed., p. 112, McGraw-Hill Book Co., N.Y.) and Steenberg (“Adsorption 
and Exchange of Ions on Activated Charcoal’, 1944, Almqvist and Wiksells, 
Uppsala), has been done on the adsorption of electrolytes by charcoal. The results, 
“particularly in the case of salt solutions, have been often at variance and some 
times even contradictory, and have been variously interpreted as ‘molecular adsorp- 
tion’ or ‘exchange adsorption’ or “hydrolytic adsorption’. As shown by the authors 
in’ Part I of the series (Puri et al., this Journal, 1957, 34, 357) as well as else- 
where (Puri et al., Chemistry & Industry, 1956, B.I.F.R., 30; this Journal, 1955. 
32, 219; 10956, 33, 781), charcoal, on account of the presence of carbon dioxide 
in the surface complex, undergoes surface ionisation, when suspended in water, 
yielding hydrogen ions directed towards the liquid phase, and thus behaves as a 
weak insoluble acid or acidoid. The interaction of charcoal with alkalies, which 
may be represented by the equation, 


O-co,?- | 2H* + 2MOH | 2M* + 2H,0, 


_ proceeds to completion for any amount of the alkali added, as already shown, 
‘ because one of the products of the reaction, namely water, is practically unionised 
“ and the back reaction is almost entirely absent. But its interaction with a salt 
‘solution, which may be represented by the equation, 


O.co,**!2H* + 2MA O-CO,*" 2M* + 2HA, 


is likely to come to a state of equilibrium for any given amount of the salt MA 
added, resulting in the formation of a definite amount of the free acid. The 
‘free’ H* ions of this acid may enter into an exchange competition with 
the free H* ions of the charcoal acidoid for the M* ions. The reaction, 
in other words, may be similar to that of the distributicn of a base between 
two acids in which the state of equilibrium is governed by the relative strengths 
of the acids. If this view is correct, the liberation of free acid from a neutral 
solution by a “‘base adsorbent’’ charcoal- the so-called hydrolytic adsorption- may 
be satisfactorily explained as a simple common reaction occurring between acids 
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and bases. An attempt has been made in this communication to ascertain how far this 
view is tenable. 
EXPERIMENTAL 

Adsorbents.—Four different samples of charcoal, obtained by the carbonisation 
of cane sugar, coconut shell, pine wood and cotton stalks, were used. Sugar 
charcoal was almost free of ash, while the other samples were extracted with 
hydrofluoric acid to lower their ash content to about 0.2%. The samples were 
exposed to oxygen for about 12 hours as described previously. A portion of each 
sample was evacuated at 1200° to free it of ijs oxygen complexes so that the 
interaction with salt solutions might be studied in the absence of the oxygen 
complexes as well, All the samples were invariably degassed at the room tem- 
perature before examination. 

Base-acid Adsorption.—The capacity of charcoal to neutralise sodium hydro- 
xide, potassium hydroxide and barium hydroxide was determined in the manuer 
described before (loc. cit.). Briefly, 1 g.of charcoal was shaken with 80 c.c. 
of 0.2 N alkali for about 48 hours after which the excess of the alkali 
was determined by titrating an aliquot of the clear supernatant liquid against a 
standard acid solution. ‘The alkalies were found to be adsorbed ‘irreversibly’ (in 
” the sense that very little of these could be removed, by washing with water) and 
in almost eqrivalent amounts as before (loc. cit.) and the average values were 
found to be 570.4, 370.0, 350.0, 320.0 m.e./100 g. for sugar, coconut-shell, pine- 
wood and cotton-stalk charcoals respectively. Adsorption of formic, acetic, pro- 
pionic, butyric, lactic, tartaric, citric, succinic, benzoic and salicylic acids was 
also determined by following a similar procedure. The amounts adsorbed were, 
however, very small and not at all in equivalent proportions and, untike alkalies, 
could be recovered on mere washing the charcoal with hot water. 

Interaction with Salt Solutions.—Decinormal solutions of formates, acetates, pro- 
pionates, butyrates, lactates, tartrates, citrates and succinates of sodium, potassium and 
barium were prepared. Each solution (50 c.c.) was mixed with as much of char- 
coal as contained an equivalent amount (i.e., 5 m.e.) of the acidoid. It is evident 
from the base-adsorption values given above that the amounts of the charcoa's 
containing this amount would be 0.8764, 1.3513, 1.4285 and 1.5625 g. for sugar, 
coconut-shell, pine-wood and cotton-stalk charcoals respectively. The suspensions 
were shaken for about 48 hours for the attainment of equilibrium and aliquots 
of the clear supernatant liquids were examined for the free acid produced and 
the metallic cations left in solution; the former by titrating against a standard 
alkali solution and the latter, in the case of barium salts, by precipitating as 
barium sulphate, and in the case of sodium and potassium salts, by treating with 
excess of hydrochloric acid and estimating the amount of sodium chloride and 
potassium chloride !eft as residue on evaporating to dryness. 

The charcoal, after washing, was examined in each case for the amounts of 
the cations fixed on it by treatment with excess hydrochloric acid and estimating 
tl.e amounts of sodium, potassium and barium chloride (as the case may be} 
brought into solution, as described in Part I of the series (loc. cit.). 


I 


by 
+ 


gitzo Sgzz"o votz'o bgzzo ggoz‘o Sozz’o £Szzo olbzo 
g9ZS‘o £16S"0 bgty'o £Log’o gbSg'o brzg°o £602'0 
“yes 
og6z"z eee ozthz ogZ$ z eco oggt*z 000°0 
gogt'o gigt*o £t6f-o obgf*o foibo zogt‘o 6bob'o volt'o ayeuroong 
vogz'o Sggz‘o 969z"0 zglzo obgz‘o 162z°0 £96z'0 olgz'o | 
5 WnIpos 
gzgi‘o zbozo Lg61°0 66zz"0 1617°0 gloz‘o gibz-o z1fz-o 
= goSg'o gttg'o 9665-0 £z6S‘o0 Sbgg'o Lezl-o SzoLo 
zgoz'o 6g61'0 Lgoz o 610z°0 obiz‘o £60z'0 Sgoz-o 
“yes 


I wavy, 


192 B. R. PURI, G. SINGH AND TL. R. SHARMA 


IT 
Relative strengths of acids with respect to charcoal acidoid. 
Salt soln. Amount of ions in soln. 
The ratio : in case of = 
Amount of ions fixed on-C NK carbonic acid 
charcoal from 
; Sugar. Coconut-shell. Pine-wood. Cotton-stalk, 
A. Formate. 
Na 23.78 22.99 23.30 25-45 
K 22.27 21.49 22.66 24-41 22.43 
Ba 22.84 23-75 22.48 23.25 
B. Acetate 
Na 6.46 6.64 9-32 7.84 
K 6.24 6.62 7-51 9.29 7.05 
Ba 6.93 : 8.12 8.26 7.83 
C. Propionate, 
Na 6.87 7.54 7.66 6.62 
K 5.30 6.06 6-58 6.24 6.32 
Ba 6.17 7.39 7027 7.06 
D. Butyrate. 
Na 6.16 7.99 6.67 7.72 
K j 6.03 6.63 6.83 7.66 6.50 
Ba 5.90 6.63 7-47 6.62 
E. Lactate, 
Na 24.93 20.77 19.50 20.93 
K 21.67 21.08 21.73 21.54 21.05 
Ba 19.68 22.81 20.74 26.33 
F. Benzoate. 
Na 15.90 16.61 16.30 17.90 
K 12.97 16.58 14-49 14-35 13.80 
Ba 12.73 14.33 16.51 16.37 
G. Salicylate. 
Na 36.93 49.60 40.01 45-47 
K 48.30 51.08 47-03 43.96 55-03 
Ba 37-07 39.28 49.65 40.25 
F. Succinate. 
Na 12.16 10.52 12.41 12.86 
K 10.63 10.23 10.59 12.85 13-52 
H. Carbonate, 
Na 1.09 0.95 1.06 1.18 
K 1.13 1.06 1.20 1.24 1.00 


DISCUSSION 


If the interaction of charcoal with salt solutions takes place as represented by 
the equation given above, the amount of the acid set free should be equi- 
valent to the metal cations which disappear from solution and which are fixed 
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on charcoal surface. Further, as the quantities of the various charcoals mixed 
with the salt solutions were such as contained an equivalent amount of the acidoid, 
these values for a given salt should also be the same in every case. That this 
is actuaily so is evident from the data presented in Table I. Now as the char- 
coal acidoid and salt solutions were mixed initially in equivalent proportions, the 
equilibrium concentrations permited the determination of the relative strengths of 
the acids concerred with respect to that of the charcoal acidoid. The ratios of 
the amounts of the metal cations found in solution to those fixed on charcoal, at 
the equilibrium stage, are compared with the square roots of the ratios of the 
dissociation constants of the acids concerned to that of carbonic acid (relative 
strengths) in Table II. It is interesting to note that in every case the ratio of 
the amount of the base held by the acid to that fixed on the charcoal is nearly 
the same and quite close to the relative strength of the acid radical of the salt 
with respect to carbonic acid. It appears quite significant that the values obtained 
for a particular acid are almost identical, irrespective of the mature of its salt or 
that of the charcoal used in these experiments. This agreement also shows that 
in each variety of charcoal we are having the same acidoid and supports the view pre- 
viously expressed on the basis of titration curves (Puri et al., loc. cit., 1957) as well 
as measurements of heats of neutralisation of alkalies by charcoals (Puri et al., 
loc. cit., 1955} that acidoid character of charcoal is due to the presence of carbonic 
acid in its surface oxygen complexes. It is also interesting to note that in the 
case of equilibrium with alkali carbonates, when the same acid, namely carbonic 
acid, is supposed to be competing for the base on either side of the equation, the 
amount of the base held on the charcoal and that found in solution are almost the 
same. 

It may be mentioned that the charcoal samples freed of CO,-complex on 
degassing at 1200° could neither take up bases nor produce any change in the 
concentration of the salt solutions. 

The results presented above support the view that interaction of charcoal with 
salt solutions is similar to the reaction involving the distribution of a base 
between two weak acids. The fact that one of the acids is an acidoid does not 
make any difference to the treatment of the reaction. 
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y SITOSTEROL FROM THE LEAVES OF AEGLE MARMELOS CORREA 


By R. N. CHAKRAVARTI AND B. DASGoptTa 


‘The sterol from the leaves of Aegle marmelos Correa (N.O. Rutaceae) has been identified as y-sitos- 


terol by preparation of the acetate and the benzoate. 


In connection with our work on the conversion of naturally occurring steroid bodics 
into the steroid hormones (Barua, Mrs. Chakravarti and Chakravarti, Bull. Nat. Inst. 
Sci. India, No. 4, p. 15, 1955 ; Chakravarti and Mitra, Naturc, 1957, 179, 118) we 
were interested in finding out the structure of aegelin, C,,H,;O,, isolated from the 
jeaves of Aegle marmelos (Family Rutaceae) and described as a sterol by Chatterjee and 
Bose (this Journal, 1952, 29, 425). After a critical study of the various derivatives and 
degradation products of aegelin (Chakravarti and Dasgupta, Chem. & Ind., 1955, 1632) 
it was found to be a neutral nitrogenous product having the molecular formula, 
C,;H,,0;N, and structure (I). 


(I) b-MeO.C,H,.CH(OH).CH, NH.CO.CH :CH.C,Hs. 


As aegelin was isolated by extraction of the dry leaves with ether and filtration of the 
separated product, which is not the usual method for isolation of the sterols, it has bee. 
thought desirable to find out the real sterols of the leaves of this plant by the procedure 
usually adopted for the purpose (Chakravarti et al., this Journal, 1952, 29, 374; J. Sci. 
Ind. Res., 1956, 15C, 86, 89) which consists in saponification of the petroleum ether 
extract of the plant material, followed by steam-distillation to remove volatile matters. 
The non-volatile, non-saponifiable fraction, obtained by extraction of the liquor left 
after steam-distillation with a suitable solvent {ether), contains the sterols, if any, of 
the plant material. From this fraction the pure sterols may be isolated by repeated 
crystallisation of the corresponding acetates and benzoates, and/or chromatography over 
aluminium oxide. 


The method used by Chatterjee and Bose (loc. cit.) in this respect is quite an 
arbitrary one, as any product, which is insoiuble in dilute hydrochioric acid and sparingly 
soluble in ether, may be obtained under these conditions. 


The sterol isolated from the leaves of Aegle marmelos by the procedure described 
above and purified by chromatography over aluminium oxide, has been identified as 
y-sitosterol by the preparation of the acetate and the benzoate and comparing their 
percentage compositions, melting points and rotations with those for known sitosterols. 
Unlike aegelin, the free sterol isolated develops a purple to blue, and then green colour 
in the Liebermann-Burchard reaction of the sterols. A distinct bluish shade in the 
colour is a characteristic feature of this test. The yellow coloration recorded by 
Chatterjee and Bose (loc. cit.) in the Liebermann-Burchard test of aegelin is really a 
negative response, indicating that aegelin is not a sterol, 
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EXPERIMENTAL 


Isolation of Sterol Fraction.—Air-dried powdered leaves (2.5 kg.) of Aegle marmelos 
were exhaustively extracted with a large excess of 90% alcohol at the room temperature 
in a glass percolator till the colour of the extract was light green (about 5-6 drainings 
necessary, covering ro to12 days). On distillaticn of the solvent, the alcohol-free extract 
was obtained asa thick liquid with a dark green colour. It was intimately mixed up 
with sufficient filter paper pulp, and dried at 80°. 

In one experiment, the dried mass was extracted exhaustively with petroleum ether 
(b.p. 60-80°) in a Soxhlet extractor for about 30-35 hours. The oily product obtained 
after evaporation of the petroleum ether was hydrolysed by refiuxing on a wzter-bath for 
10 to 12 hours with a large excess of 15-20% aqueous alcoholic potassium hydroxide. 


In a second experiment, the dried mass was extracted with ether in an all-glass 
Soxhlet extractor for about 80 hours. The ether extract was then concentrated to 
about 500 c.c. and kept in the ice-chest for about a week. The separated crys alline 
product, aegelin, was removed by filtration and the ethereal extract was distilled to 
remove the ether completely. ‘The residual viscous liquid (about 100 g.) was then hydro- 
lysed by refluxing with 20% aqueous alcohoiic solution of KOH (120 g.) on a water- 
bath for 10 to 12 hours. After hydrolysis, the product was diluted with a little water and 
the alcohol was evaporated off on a water-bath with addition of a corresponding amount of 
water from time totime. The alcohol-free alkaline solution was extracted several times 
with ether. The total ethereal extract after washing with water was distilled, and the 
brown semi-solid residue was distilled in steam to remove volatile essential oils. The 
residue was again refluxed with 15-20% aqueous alcoholic KOH for 10 to 12 hours to 
hydrolyse any traces of unchanged fatty oil. The mnon-saponifiable portion after 
removal of alcohol was extracted with ether. ‘The extract was washed with water, dried 
by CaCl, and the solvent distilled when the crude sterol fraction was obtained. It was 
completely dried in a vacuum desiccator. 

Purification of the Sterol.—The crude sterol fraction was purified by chromato- 
graphy of the product over Brockmann alumina using petroleum ether (b.p. 40-60°), 
petroleum ether-benzene mixture (1:1), benzene and ether successively as eluents. ‘The 
petroleum ether-benzene fraction was found to contain the sterol in a crystalline form. 
The product was crystallised several times from alcohol when it was obtained as colorless 


shining plates, m.p. 138-39°, yield 1.3 g. (0.05%). 


Sterol Acetate.—The sterol (0.5 g.) was heated under reflux with 2.5 c.c. of acetic 
anhydride at 140° for 2 hours in an oil-bath. The reaction product was cooled and 
filtered from the separated plates which were dried over solid caustic potash in a vacuum 
desiccator. The sierol acetate crystallised from alcohol in shining plates, m.p. 140- 
41°, [2] b° — 47° (CHCI,). [Found: C, 80.97 ; H, 10.93. Cale. for Cs,H;,0,:C, 81.52; 
H, 11.48%]. 

Hydrolysis of the Steroi Acetate.—Sterol acetate (0.1 g.) was hydrolysed with 5 c.c. 
of alcohol, 1g. of KOH and a few drops of water by heating on a water-bath 
under reflux for 6 hours. After hydrolysis alcotiol was removed, the residue diluted 
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with water and extracted with ether. On removal of the ether the sterol crystallised 
from alcohol in shining plates, m.p. 144-45°, [«]i° — 40° (CHCI;). [Found :C, 83.30; 
H, 11.9. Cale. for Co9H;.0:C, 83.09; H, 12.15%]. With the Liebermann-Burchard 
reagent the sterol developed a purple, then blue to green colour. 

Sterol Benzoate.—Benzoy1 chloride (0.25 c.c.) was added to 4 solution of the sterol 
(0.1 g.) in dry pyridine (2 c.c.), cooled in ice. ‘The mixture was kept overnight at room 
temperature, decomposed with crushed ice, acidified with HCl (conc.) to Cougo red and 
extracted with ether. ‘The ethereal extract was washed successively with dilute acid, 
sodium bicarbonate solution, water and then dried over a piece of fused calcium 
chloride. On removal of ether the sterol benzoate crystallised from alcohol in plates, 
m.p. 150-51°, [a] — 17° (CHCI,). [Found : C, 83.69; H, 10.19. Calc, for 
CscHs,0.: C, 83.34 ; H, 10.49%}. 

Identification of the Sterol.—From a comparison of the analyses, melting points and 
rotations of the sterol, the acetate and the benzoate, with those for known sterols, the 
sterol was identified as y-sitosterol. As pointed out by Fieser and Fieser (‘‘Natural 
Products Related to Phenanthrene’’, Reinhold Pub. Corp., New York), determination of 
the mixed mclting point with authentic specimens is not much helpful for identifying 
t he sterols, particularly in the case of sitosterols. 
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POSSIBLE ANTIAMOEBIC AGENTS. PART V. MANNICH BASES 
FROM SUBSTITUTED THIOCHROMANONES 


By A. B. SEN AnD S. L. ARORA 


Mannich bases from several substituted thiochromauones have been prepared with a view to 
testing their antiamoebic activity. 


The Mannich base hydrochlorides of a number of thiochromanones, prepared in 
this laboratory (Sen and Kulkarni, this Journal, 1957, 34, 687), have been found to 
possess appreciable in vitro antiamoebic activity. With a view tostudying the effect 
of introduction of different substituents in the thiochromanone nucleus and the basic 
side-chain on the antiamoebic activity, a number of Mannich base hydrochlorides (I) 
have now been prepared from four substituted (6- & 8-inethoxy, 8-methyl & 8-ethyl) 
thiochromanones. 


R, 
R, O they 
HCl 
(I) 


[R’ & R" = substituents in the basic side chain. 
R, & R, = substituents in the thiochromanone nucleus]. 


The thiochromanones were obtained by the cyclisation of the appropriate thio- 
phenoxypropionic acids and were characterised through their 2 : 4-dinitrophenylhydra- 
zones. 

The required 8-thiophenoxypropionic acids were prepared by the condensation 
of the appropriate thiophenols, viz., 2-methoxy-, 4-methoxy-, 2-ethyl- and 2-methyl-, 
with -propiolactone according to Gresham et al. (J. Amer. Chem, Soc., 1949, 71, 
661). 

The required thiophenols were obtained by following the method of Tarbell e¢ al. 
(“Org. Syn.’’ Col. Vol. III, p. 809) using the condensation of the appropriate diazonium 
saits with potassium ethylxanthate, followed by hydrolysis of the resulting xanthogenic 
esters, 

B-(2-Methyl- and 2-ethyl-thiophenoxy)-propionic acids underwent cyclisation with 
concentrated sulphuric acid (98%) (Hurd et al., J. Amer. Chem. Soc., 1954, 16, 5065) 
but the -(2-methoxy- and 4-methoxy-thiophenoxy)-propionic acids could only be 
cyclised by distilling the thiophenoxypropionic acid with P,O; under reduced pressure 
(Krollpfeiffer et al., Ber., 1925, 58, 1654). 


j 
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The Mannich base hydrochlorides (I) of these thiochromanones were prepared by 
taking equimolar quantities of a thiochromanone, paraformaldehyde and a primary 
or a secondary amine hydrochloride in dry benzene and refluxing on the water-bath 
for 3 to 6hours. The reaction mixture was acidified at the start of the reaction 
either by the addition of a few drops of concentrated hydrochloric acid or where 
this method did not succeed, dry HCl gas was passed. In all the cases, the Mannich 
base hydrochlorides separated as fine crysta!line solids during the reaction and were 
isolated by filtration on the pump. ‘These were recrystallised from absolute ethyl 
alcokol. 

Most cf the Mannich base hydrochlorides are soluble in water. In some cases 
the aqueous solution, when allowed to stand at room temperature, became turbid and 
deposited a sticky substance indicating decomposition, while in others, where the 
solutions were stable, the original compounds were recovered back on evaporation. 

The Mannich base hydrochlorides were characterised through their picrates. 


EXPERIMENTAL 


Substituted Thiophenols.—o-Methyl-, o-ethyl-, o-methoxy- and p-methoxy- thio- 
phenols were prepared from the corresponding anilines according to Tarbell et al. 
(loc. cit.). 

8-Proriolactone was obtained from Eastman Kodak Ltd. 

Substituted B-thiophenoxypropionic acids were obtained from the above thio- 
phenols by condensing them with f-propiolactone in alkaline medium according to 
Gresham et al. (loc. cit.). 

Of the four f-thiophenoxypropionic acids, two are known; 8-2-methyl- and 
methoxy-thiophenoxypropionic acids have been reported by Hurd et al. (loc, cit.) 
and Krolipfeiffer et al. (loc. cit.) respectively. 8-2 Ethyl- and -2-methoxy-thio- 
phenoxypropionic acids have been prepared for the first time. 

The m.p., yields, neutralisation equivalents and the analytical data of the two new 
thiophenoxypropionic acids are recorded beiow. 


TABLE I 
B-Thiophenoxy- a Neut. equiv. %Carbon. % Hydrogen. 
propionic acid. Found. Cale. Found. Cale. Found. Cale. 
B-2-Ethyl- 209.6 210 62.60 62.85 6.80 6.66 
B-2-Methoxy- 212.3 212 56.30 56.60 5.40 5.66 
Substituted Thiochromanones: 8-Methyi- and 8-ethyl-thioch omanones were 


obtained by the cyclisation of the corresponding §-thiophenoxypropionic acids with 
H,SO, (conc., 98%). In both the cases the thiophenoxy acids were treated with 10 
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parts of ice-cold H,SO, (conc.) when a deep red solution was obtained which was 
allowed to stand at room temperature for 5 hours and stirred occasionally. On pouring 
over crushed ice the thiochromanone separated out which was filtered and purified in 
the usual way (Hurd et al., loc. cit.). 

8- & 6-Methoxythiochromanones.—These were obtained by the cyclisation of the 
corresponding 8-thiophenoxypropionic acids with P,O;, as described by Krollpfeiffer 
etal. (loc. cit.). The acids were distilled under reduced pressure with 2 parts of 
P.O;,-when the thiochromanones were obtained in the distillate and were charac- 
terised through their 2 : 4-dinitrophenyihydrazones. 


Of these, 8-methylthiochromanone has been reported by Hurd et al. (loc. cit.) 
and 6-methoxythicchromanone by Krollpfeiffer et al. (icc. cit.). The m.p., yields, 
and the analytical data of the two thiochromanones and of their 2 : 4-dinitrophenyl- 
hydrazones, which are new, are recorded below. 


Tasie II 


Substituted thio- M.P. Vield. % Carbon. %Hydrogen. 2 :4-Dinitrophenylhydrazones. 
-M. P. % Nitrogen. 
Found. Calc. Found. Calc. 


chromanones. 


. Found. Calc. 


8-Ethyl- 55.5% 68.50 68.74 . 6.40 6.25 190 15.00 15.06 


8-Methoxy- 98° 68.7 61.80 61.85 4.90 5.15 233° 14.80 14.08 


Mannich base hydrochiorides from substituted thiochromanones were obtained as 
follows: A mixture of thiochromanone (0.01 M) and paraformaldehyde (0.01 M) 
was taken in dry benzene ‘25 c.c.) in a flask and refluxed for about 30 minutes. 
To this was added the primary or secondary amine hydrochloride {0,01 M) 
and refluxed for 10 minutes. It was then acidified either with 5-10 drops 
of HCl (conc., A. R.) (A) or by passing dry HCl gas (B) and refluxed again for 
3 to 6 hours, during which the Mannich base hydrochloride separated as a fine crystalline 
mass. After the completion of the reaction, the mixture was cooled and the crystal- 
line mass filtered at the pump, washed with dry benzene and finally recrystallised 


from absolute ethyl alcohol. 

The Mannich base hydrochlorides are soluble either in cold or hot water (excepting 
number 1, 4 and 11, Table Ili). Ali the Mannich base hydrochlorides gave intense 
brizht red or reddish violet colour with a drop of H,SO, (conc.). The Mannich base 
hydrochlorides were characterised through the‘r picrates. 

Picrates.—The Mannich base liydrochloride (I) (0.05 g.) was dissolved in § c.c. of 
hot water and mixed with 5 c.c. of a saturated aqueous picric acid solution, and boiled ; 
on cooling, the crystalline picrate separated out, which was filtered and then 


recrystallised from ethyl alcohol, 
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Test for Stability.—The compounds (6, 5, 8, 3 and 11 of Table III) (0.05 g. each) 
were dissolved in 5c.c. of water separately and then allowed to stand at room 
temperature for 24 hours. Solutions of No. 5, 8, 6 and 3 became turbid and deposited 
a sticky residue showing decomposition, whereas in case of No. 11, the original com- 
pound was recovered back on evaporation, 

The melting points, yields, and analyses of the Mannich base hydrochlorides and 
their picrates are shown in Table III. 


One of the authors (..L.A.) expresses his grateful thanks to the U. P. Scientific 
Research Committee for the award of a research assistantship. 
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CHEMOTHERAPEUTIC DYES. PART HI. SYNTHESIS OF SUBSTITUTED 
AMINOPHENOTHIAZINES 


By A. B. SEN AND R. C. SHARMA 


Several nitrophenothiazines contiining alkyl, phenyl or ester groupings have been synthesised 
and catalytically reduced to aminophenothiazines with a view to testing them for their therapeutic 
activity. 


Phenothiazines have been found to possess a variety of therapeutic activity. 
Antitubercular activity in phenothiazine was first pointed out by Freedlander (Proc. 
Soc. Exp. Biol. Med., 1944, 57, 106). Several of its derivatives are well known anthel- 
mintics (A review by Beeler and Findlay, Bull. Natl. Formulary com., 1942, 10, 84), 
antihistamines (Gilman et al., J. Amer. Chem. Soc., 1944, 66, 888 ; Helpern et al., Compt. 
rend. soc, Biol., 1946, 140, 361, 363 ; Vander Brook et al., J. Pharmacol. Exptl. Therap., 
1948, 94, 107), urinary antiseptics (De Eds and Thomas, J. Parasitol., 1942, 24, 363), 
antiemetics (Friend and Cumins, J. Amer. Med Assoc., 1953 158, 480) and local 
anaesthetics (Helpern et al., loc. cit., p. 363; Hazard etal., ibid., 1949, 148, 908). 
The activity of these phenothiazines has been attributed to their ready oxidation to 
quinones. A number of aminophenothiazines containing alkyl, phenyl or ester 
groupings have therefore been synthesised with a view to testing them for their 
therapeutic activity. For this purpose, eight diphenyl sulphides were prepared by 
the condensation of o-aminothiophenol with appropriate dinitrohalogenobenzenes (B), 
having a reactive chlorine atom. The diphenyl sulphides were then refluxed with 
alcoholic 2N sodium hydroxide which resulted in the rearrangement and ring-closure 
(Bennet, ‘Smiles Rearrangement’, J. Chem. Soc., 1953, 4192 ; Massie, Chem. Rev., 1954, 
54, 797) yielding nitrophenothiazines. 


SH 
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2’-Aminodinitrodipheny! sulphide] 
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[ 2’-Mercaptodinitrodipheny! amine] (Nitropbenothiazine 


[R = Alkyl, phenyl or ester grouping. ] 
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The nitrophenothiazines were subsequently reduced to the corresponding amino- 
phenothiazines catalytically, which could only be obtained in their oxidised form, 
as exposure of the reduced solution to air resulted in a marked change in colour, and 
the bases isolated from the solution failed to respond to test for an amino group. 
The bases were converted into the hydrochlorides which also did not exhibit sharp 
meiting points and were therefore characterised through their picrates. 


In the course of the present work, the authors caine across some cases of failure 
of ‘Smiles rearrangement’. 2/-Amino- and 2’-amino-5-methyl-2 :4-dinitrodiphenyl sul- 
phides and 2’-amino-4-phenyl(p-nitro)-2:6-dinitrodiphenyl sulphide could not be 
rearranged even on refluxing with higher concentrations (20%) of the alkali solution. It 
has also been observed that substitution of alkyl or ester grouping in position-6 of 
the dinitrediphenyl sulphide facilitates the Smiles rearrangement. 


EXPERIMENTAL 


Substituted Diphenyl Sulphides.—The substituted dinitrochlorobenzene (0 02 M) 
and o-aminothiopheno! (0.02 M) were suspended in ethanol {20 c.c.) and approximately 
2N sodium acetate s lution (12 c.c.) added to it. On refluxing the mixture under 
stirring for ghours over a steam-bath, the diphenyl sulphide separated out as a red or 
reddish brown mass which was filtered and recrystallised from acetic acid. 


The melting points, yields and analyses of the diphenyl sulphides obtained are 
recorded in Table I. 
Tasre I 


No. Dipheny! sulphide M. P. Yield. % Nitrogen. 
(A for 2’-amino-). Found. Calc. 


A-6-Carbomethoxy-2 :4-dinitro- 93.0 % 11.69 12.04 
2. . -A-6-Carbethoxy-2 :4-dinitro- 182° 88.0 11.32 11-57 
3 >. A-4-Carbethoxy-2 :6-dinitro- 176° 82.6 - 11.28 11.57 
4 ~A-5-Ethyl-2 :4-dinitro- 96° 78.3 12.67 13-16 
5 A-6-Pheny]-2 :4-dinitro- 154° - 76.3 11.20 11.44 
6. A-4-(p-Nitropheny]) -2 :6-dinitro- 185° 85.0 _ 13-42 13-59 
Methyt-2:4-dinitro- 240° 70.0 13.50 13-77 
8 A-5-Methyl-2 :4-dinitro- 91.7 13-52 13-77 


Nitrophenothiazines.—To a suspension of the diphenyl sulphide (0.015 M) was 
added 2N-NaOH solution (15 c.c.) and the mixture refluxed under stirring. The 
colour of the reaction mixture darkened immediately on the addition of the alkali 
solution. After stirring for about half an hour, the nitrophenothiazine separated out 
as a dark reddish brown solid which was filtered, washed with dilute caustic soda, 
followed by a little ethanol, and recrystallised from acetic acid. 


The melting points, yields and analyses of the nitrophenothia zines, thus prepared, 
are shown in Table II. 
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Tasie II. 


Phenothiazines. M. P. 


1.Carbomethoxy-3-nitrc- 192 
1-Carbethoxy-3-nitro- 200 
3-Carbethoxy-1-nitro- 150° 

2-Ethyl-3-nitre- 178° 

1-Pheny]-3-nitro- 


Reduction of the Nitrophenothiazines.—The nitrophenothiazine (1 g.), susperded 
in glacial acetic acid (30 c.c.), was reduced in an atmosphere of hydrogen (50 lbs. 
pressure) for 4 hours using Adams’ catalyst (50 mg.). A light green or brown coloured 
solution was obtained on reduction, which darkened on exposure to air. The reduced 
solution was quickly filtered and concentrated in vacuum to approximately ro c.c. 
On neutralising the solution with ammonium hydroxide, the base separated out. 

The base was dissolved in benzene and converted into the hydrochloride by 
passing dry HCl gas through the dry benzene solution. 

On addition of a saturated aqueous picric acid solution to the filtered aqueous 
solution of the imine hydrochloride, picrate separated out as a green or yellow preci- 
pitate which was washed with water and recrystallised from ethanol. 


The melting points and analyses of the picrates obtained from the iminopheno- 
thiazines are recorded in Table III. 


TABLE III 


S. No. Phenothiazine. M. P. % Nitrogen. 
Found. Calc. 


3-Amino-1-carbomethoxy- 162° 14.25 14.03 
3-Amino-1-carbethoxy- 178° 13-72 13-64 
1-Amino-3-carbethoxy- 220° 13.50 13.64 
3-Amino-1-phenyl- * 155° 13.36 13-54 
3-Amino-2-ethyl- * 245° 15.22 14.92 
3-Amino-1-methyl- * 149° 15 50 15.38 
*Melts with decomposition. 
CHEMISTRY DEPARTMENT, 
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POSSIBLE ANTIAMOEBIC AGENTS. PART VI. SYNTHESES OF 
SOME SUBSTITUTED DIALKYLAMINO-TRIMETHYLENE- 
BENZYLAMINES AND THEIR DICHLOROACETATES 


By A. B. SEN AND YASHWANT D. KULKARNI 


Several substituted dialkylamino-trimethylene-benzylamines, structurally related to cleavage pro- 
ducts of the emetine molecule, and their dichloroacetates have been synthesised with a view to testing 
their antiamoebic activity. 


Several attempts have been made to obtain compounds structurally related to 
emetine (I), eliminating the side effects while retaining or enhancing the amoebacidal 
activity of the alkaloid, with the belief that somewhere in the structure of emetine 
lies the site of activity. Pioneering work on these lines has been done by Pyman et al. 
(Chem, & Ind., 1937, 55, 789). Goodson and Goodwin (Brit. J. Pharmacol., 1948, 8, 44, 
49, 62), Sugasawa (J. Pharm. Soc., Japan, 1949, 69, 8) and Osbond (J. Chem. Soc., 
1951, 3464) have helped to clarify the pharmacophore responsible for the activity of 
this class of compounds. The activity of emetine is attributed to the presence of two 
nitrogen centres, of which one is secondary and the other, tertiary, separated by a 
carbon chain. This prompted the authors to prepare several dialkylamino-polymethyl- 
ene-benzylamines (II) containing the conventional two nitrogen centres, one secondary 
and other tertiary, with a view to studying their amoebacidal activity. 


x 


| 
R, 


(II) 


The present paper deals with the syntheses of y-dialkylamino-trimethylene- 
benzylamines (II: R’ and R” = chloro, hydroxy and methoxy groups; n=3 ; 
R, = R, = piperidino, morpholino or di thylamiuo groups), 


Surrey et al. (J. Amer. Chem, Soc., 1954, 16, 2214; 1955, 77, 3798, 5403) 
have observed significant amoebacidal activity in several N-benzy]-N-hydroxyalkyl- 
dichloroacetamides (III), obtained by dichloroacetylating N-hydroxy-alkylbenzyl- 
amines. We have also dichloro-acetylated the diamines (II) to study the change 
in the amoebacidal activity of the resulting compounds (IV), 


MeO R’ | 
\ ae OMe 
\7 OMe 
MeO | ) | 
(I) || 
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R’ 
4N 


a WY 
COCHCI, R! CH,.N. (CHy)s. 
; R 


- (II) 


The diamines (II) were obtained by one of the following methods: (i) condensation 
of substituted benzyl bromides with y-dialkylamino-n-propylamines or (ii) condensation 
of equimolar quantities of substituted benzaldeliydes with y-dialkylamino-n-propyl- 
amines, followed by catalytic hydrogenation of the Schiff bases in ethanol in presence 
of platinum oxide. 

y-Dialkylamino-n-propylamines were prepared by the condensation of secondary 
amines with an excess of acrylonitrile (Whitmore, J. Amer. Chem. Soc., 1944, 66, 727), 
followed by high pressure (500 lbs./sq. inch) hydrogenation of the resulting nitriles in 
absolute methanol, saturated with dry ammonia, in the presence of Raney nickel. 

The amines (iI), which were all liquids (except those derived from 2-hydroxy- 
5-chlorobenzaldehyde), were purified by distilling under reduced pressure and charac- 
terised through their picrates. The dichloroacetates ‘IV) of these amines were 
obtained by following the method of Surrey et al. (loc. cit.), 


EXPERIMENTAL 


The benzaldehydes (viz.,; 2-chloro-3 :4-dimethoxy- and 2-hydroxy-5-chloro-) were 
prepared by the methods given in the literature and benzyl bromides (viz., 4-chloro- 
and 2:4-dichloro-) were obtained by the side-chain bromination of the corresponding 
chlorotoluenes using benzoyl peroxide as catalyst (Schmid and Karrer, Helv, Chim. 
Acta, 1946, 29, 573). 

8-morpholino- aud 8-diethylamino- 
propionitriles were prepared according to the method of Whitmore ‘loc. cit.). <A 
brief account of the preparation of 8-piperidiuopropionitrile is given below. 

i 


Piperidine (40 g.,0.5M) was added to 50g. of cold acrylonitrile (0.95M). The 
mixture was refluxed for one hour on a water-bath and then allowed to stand overniglit 
at room temperature. Excess of acrylonitrile was removed and the residue was distilled 
under reduced pressure, b. p. 128:30°/30 min, yield 97%. Ina similar manner 
8.morpholinopropionitrile, b. p. 120-21°/2 mm (93%) and 8-diethylaminopropionitrile, 
b.p. 196-98°/760 mm (94%), were prepared. 

y-Piperidino-n-propylamine.—The above three B-djalkylaminopropionitriles were 
subjected to reductive amination to yield the corresponding y-dialkylamino-n-propyl- 
amine. ‘The preparation of y-piperidino n-propylamine is given below. 


Absolute methanol (250 g.) was cooled in an ice-salt mixture and dry ammonia 
gas was bubbled till about 90 g. (5.6M) was absorbed. This ammoniacal methyl alcohol 


206 
Cl Ww 
| | \ 
sl 
tc 
ré 
di 
b 
el 
sc 
of 
al 
ac 
de 
m 
pr 
yi 
P; 
ar 
ob 
yi 
Vi; 
co 
co 
We 
wi 
po 
by 
N, 
an 
pre 
Sc 


POSSIBLE ANTIAMOEBIC AGENTS. 207 


was placed in the pressure hydrogenator vessel, with (§-piperidinopropionitrile 
(51 g., 0.4M) and Raney nickel catalyst (35 g., 0.6M). 


The nitrile was reduced under a hydrogen pressure of 500-550 lbs./sq. in. with 
stirring for 3 to 4 hours. The uptake of hydrogen was very rapid and was mostly 
completed within the first hour. After the reduction, the reaction mixture was filtered 
to remove the catalyst and about 25-30 c.c. of the solvent was carefully distilled to 
remove geseous ammonia. It was then cooled in an ice-salt bath and saturated with 
dry HCl gas. Methyl alcohol was then distilled off under reduced pressure leaving 
behind a pasty residue of y-piperidino.n-propylamine hydrochloride and ammonium 
chloride. The salt was then carefully decomposed by the slow addition of 70% NaOH 
solution, when two distinct layers of liquids separated. The upper layer consisting 
of the required amine was collected and dried over KOH pellets. The crude amine, 
after carefully drying over sodium wire, was distilled under reduced pressure, b. p. 
88°/rt mm, yield 72.4%. Whitmore (J. Amer. Chem. Soc., 1944, 68, 7127) reported b.p. 
205°/733 mm and yield 68.5%. 

Picrate.—On mixing hot alcoholic solutions of amine (0.25 g.) and picric 
acid (0.25 g.), a yellow turbidity was observed, which on cooling and scratching 
deposited a yellow picrate, m. p. 208-209° (decomp). Whitmore (loc. cit.) reported 
m. p- 208°. 

y-Morpholino-n-propylamine.— Proceeding in a similar manner with 8-morpholino- 
propionitrile (52.5 g.), y-morpholino-n-propylamine, b. p. 92-3°/1 mm, was obtained, 
yield 37-4 g. (65%). Whitmore (loc.cit.) reported b.p. 219°/733 mm and yield 60%. 
Picrate m.p. 165°, reported m.p. 166°. 

y-Diethylamino-n-propylamine.-—Starting from y-diethylaminopropionitrile (63 g.) 
and following the same procedure, y-diethylamino-n-propylamine, b. p. 170-75", was 
obtained in 40 g. yield (61%). Whitmore (loc.cit.) reported b. p. 168°/730 mm and 
yield 54%. Picrate m.p. 195-96°, reported m.p. 195°. 

Method (a): Condensation of 2:4-Dichlorobenzyl Bromide with y-Piperidino n- 
propylamine.—z2 :4-Dichlorobenzyl bromide (3.6 g., 0.015M) was added dropwise to 
vigorously stirred y-piperidino-n-propylamine (6.3 g., 0.045M) without any external 
cooling. After the addition was complete, the stirring of the reaction mixture was 
continued for an hour and then allowed to stand at room temperature overnight. It 
was then poured with stirring into a large volume of water and the semisolid separating 
was extracted with chloroform. The organic layer, on careful drying over anhydrous 
potassium carbonate, was concentrated to give a viscous red liquid which was purified 
by reduced pressure distillation, b. p. 193-95°/2 mm, yield 3.5 g. (64%). (Found: 
N, 9.20. C,sH2,N.,Cl, requires N, 9.30%). 


Method (b): Condensation of o-Chlorobenzaldehyde and y-Morpholino-n-propyl- 
amine.-—A mixture of o-chlorobenzaldehyde (2.82 g., 0.02M) and »-morpholino-n- 
propylamine (3.25 g., 0.02M) was heated in vacuo over a steam-bath for 3 hours. The 
Schiff base was dissolved in hot ethyl alcohol (50c.c.) and the hot solution was 
catalytically hydrogenated (over 0.25 g. of platinum oxide) for 3 hours at 60 Ibs./sq.inch, 


8—1970P—3 
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It was then filtered to remove the catalyst, the filtrate was concentrated and the brown 
residue subjected to reduced pressure distillation, b. p. 192-93°/2 mm, yield 5g. (91%). 
(Found : N, 10.27. C:4H2,ON,CI requires N, 10.43%). 

The various diamines (II), prepared by the above methods, along with their picrates 
are recorded in Table I. 


TaBie 
[Vide structure II] 


icrates 
%Yield. Mol. % Nitrogen. -P. Mol. formula. %Nitrogen, 
formula. Found. Calc. Found. Calc. 
R,; = Rg = piperidyl-. 
 2-Chloro- 183-84°/2 mm CisHg3NgCl 10.42 10.51 200-201* 
4-Chloro- 193-95°/2 CisHysNoCl 10.44 10.51 133-34° 
2 :4-Dichloro- 195-97°/7 9.20 9.30 180-81° 
a-Hydroxy-5-chloro- *137° 9.63 9.91 188-89° 
3:4-Dimethoxy- 218-20°/20 9.36 9.59 195-96 Ogg 
R, and Rg= morpholinyl.-. 
2-Chloro- 192-93°/2 10.27 10.43 203-204* 
4-Chloro- 207-209°/ 2 Cy4H1ON,C1 10.27 10.43 128-29° 
2 :4-Dichloro- 163-65" /2 9.174 9.24 188-89° gN, Cl, 
2-Hydroxy-5-chloro *140° 9.54. 9.84 208-209° 
3:4-Dimethoxy- 250-52°/20 CysHysO.Ng 9-31 9-52 222° 
R, and Ry = diethylamino-. 
2-Chloro- 166-67°/2 77 10.96 11.00 143-44° 
4-Chloro- 169-70°/2 65 10.98 11.00 130-31° 
2 :4-Dichloro- 181-82°/3 93 9.43 9-69 133-34° 
a-Hydroxy-s5-chloro- *109° 58 CyHg;ONgCl 10.33 10.35 168-69° Cl 
3 :4-Dimethoxy- 173°74°/1 92 9.91 10.00 1§2-53° CogHy, ON; 


* Denotes the m.p. of the solids. 


Dichloroacetates (IV) of the Diamines.—These were obtained by following the 
method of Surrey (loc.cit.). The synthesis of N-(2:4-dichlorobenzyl)-N-(y-piperidino- 
trimethylene)-dichloroacetamide is given below. 


Dichloroacetyl chloride (0.75 g-, 0.005M} in dichloroethane (3 c.c.) was added 
gradually with stirring to a mixture of y-piperidinotrimethylene-(2:4 dichloro-)-benzy]- 
amine (1.5 g., 0.005M) in dichloroethane (10 c.c.) and 1N-NaOH (5 c.c.). The tempera- 
ture was kept below o° with external cooling. ‘The reaction mixture was allowed to 
come to the room temperature with stirring and the organic layer was separated. It 
was washed successively with 1N-NaOH, water, 1N-HCl and water and then dried 
over potassium carbonate. The residue obtained after removing dichloroethane by 
distillation was recrystallised from absolute alcohol-petroleum ether mixture, m.p. 
163°64°, yield 1.1 g. (53.5%). (Found: N, 6.71. Ci;Hs,ON,Cl, requires N, 6.79%). 
Five dichloroacetates, prepared by following the above method, are shown in Table II. 
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R’ & R”. R. M.P. % Yield. Mol. formula, % Nitrogen. 
Found. Calc. 


4-Chloro- y-Piperidino- 111° 53-0 C)7HgON,Cl, 7-31 7.42 
trimethylene 

2 :4-Dichloro- Do 163-64° 53-5 Cy7H_ON Ch, 6.71 6.79 

Do -Morpholino- 173° 36.2 CigHagOgNoCl, 6.51 6.77 
trimethylene 

Do y-Diethylamino- 40.0 CysHqON,C, 6.60 7:00 
trimethylene 

2-Hydroxy- 8-Hydroxy- 43-0 Cy, Hy203NCly 4-51 4-48 

5-chloro- ethylene 

CHEMICAL LABORATORIES, Received November 22, 19578 

LucKNow UNIVERSITY, I,UCKNOWs 


209 


(Jour. Indian Chem. Soc., Vol. 36, No. 3, 1958} 


SHORT NOTES 
IDENTIFICATION OF £-SITOSTEROL IN CHAKSU OIL 


By 1,.Sen Gupta AND ERICH MoseE?TIG 


An unsaponifiable fraction from chaksu oil, obtained from the seeds of Cassia 
absus, Linn., has been reported previously by Gupta ef al. (Res. Bull. Panjab 
Univ., 1954, 48, 63). After repeated recrystallisations of this material it proved 
to contain (by U. V. spectrophotometry) about 1% of a steroidal 5:7-diene. Further 
purification was achieved by chromatography on aluminium oxide. The fraction 
eluted by petroleum ether consisted of a waxy substance. The main fractions were 
obtained by elution with a mixture of benzene-chloroform (60:40) and accounted 
for 92% of eluted material. Crystallisation from methanol gave a compound 
melting at 135-36°, [a]>’® -32°.5. The infra-red spectrum of the compound indi- 
cated a 5:6-unsaturated sterol. A part of this substance in xylene solution, mixed 
with an excess of maleic anhydride, was boiled under reflux for 12 hours 
whereby the 5:7-diene was removed (U. V. spectrum). The melting points and 
rotational values of the alcohol, thus’ purified, its acetate, benzoate and 3 : 5-dini- 
trobenzoate correspond to those of #-sitosterol (Wallis ef al., J. Org. Chem., 
1938, 2, 336, 341). 

Procedure.—Melting points ‘uncorrected! were taken on a Kofler block. 
Rotations were measured in chloroform solutions (conc., approx. 1%). I. R. spectra 

‘ were obtained with a Perkin-Elmer spectrophotometer, Model 21, in chloroform 
solutions. 

8-Sitosterol.—A partially purified fraction of the unsaponifiable fraction (130 mg., 
m.p. 131-32°) was eluted from 4g. of ‘Aluminum oxide Woelm”’ (“non-alkaline, 


The fractions (a total of 3.2 mg.) cluted with petroleum ether 


almost neutral’’). 
The main fractions 


consisted of a waxy meterial melting indefinitely from 50-58°. 
{a total of 117.8 mg.) were obtained by elution with a 60:40 mixture of benzene 
and chloroform. The product was recrystallised twice from methanol, m. p. 
135-36°, (Lit., m.p. 136.5-37.5°, [a]o?® -36°.6). 262, 270, 282, 
292 ; © 118, 160, 170, 100, corresponding to approx. 1% of 5:7-diene. (Found: 
C, 84.09; H, 11.72. Cale. for C2.H;s,0: C, 83.98 ; H, 12.15%). 


8-Sitosteryl acetate was prepared in the usual manner with pyridine and 
acetic anhydride at o°. Two recrystallisations from methanol gave a_ product 


melting at 127-28°, (Lit., m.p. 126-27°, -42°). (Found: 


C, 81.95 ; H, 11.66. Calc. for C;,Hs,0,: C, 81.57 ; H, 11.47%). 
B-Sitosteryl benzoate was prepared by treating the above sterol (40 mg.) 


with pyridine (1 c.c.), benzoyl chloride (0.4 c.c.) and 2 drops of methanol at o’. 
The compound obtained was recrystallised twice from a mixture of ethanol-ether, 
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m.p. 142-43°, [a]Jo™-14°. (Lit-, m-p. 144-45°, -14°). (Found: 83.4; 
H, 10.7. Calc, for C;.H;,0,: C, 83.34 ; H, 10.49%). 


8-Sitosteryl 3:5-dinitrobenzoate was recrystallised from a mixture of ethy! 
acetate and petroleum ‘40-60°) and finally from a mixture of methanol-chloroform, 
m.p. 201-202° (Lit., m.p. 202-203°). 


The authors are grateful to Dr. William R. Nes for valuable suggestioas, 
to Dr. Wiliiam C. Alford for the microanalytical data and to Mr. H. K. Miller 
for the I, R. spectroscopic measurements. One of them (I. Sen Gupta) is grateful 
to the Government of India and the United States Government for the grant 
of a fellowship under India Wheat-Loan Educational Exchange Program. 
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CHEMISTRY OF MONOFLUOROTRIOXOIODATES 


By AsImMBIKASH AND GRIHAPATI MITRA 


Although the two fluorides of iodine, IF; and IF;, have been we'l established, 
the only salt of complex flouride anion isolated is KIF, (Emeleus and Sharpe, /. 
Chem. Soc., 1949, 2206). Compounds of IF,~ ion have not been reported (Schumb 
and Lynch, Ind, Eng. Chem., 1950, 42, 1383). The oxyfluoro anion, IO,F,°, 
has been known for some time and its chemistry including an investigation of 
the crystal structure of its potassium salt has been studied by WHelmholz and 
Rogers (J. Amer. Chem. Soc., 1940, 62, 1537). 


After the isolation of monofluorochlorates (Mitra and Ray, Science & Culture, 
1956, 21, 379), it was thought desirable to attempt the preparation of monofluoro- 
trioxoiodates. The present note, which is in continuation of investigations on the 
chemistry of oxyfluoride anions (Mitra et al., ibid., 1056, 22, 119; 1955, 20, 351, 
404; 1953, 19, 216) deals with the chemistry of monofluorotrioxoiodates, 
It is of interest to note in this connection that the anhydride, IO,F, of the hy- 
pothetical acid, H,IO,;F, has also been reported recently (Schmeisser and Lange, 
Angew. Chem., 1955, 67, 156). 
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Method of Preparation.—The monofluorotrioxoiodates of metals such as Zn, 
Ni, etc., have been prepared. The method of preparation is the same as that 
adopted for the preparation of other oxyfluoride anions. Equimolecular quantities 
of iodic acid (HIO,), the metal fluoride (MF,) and the freshly precipitated metallic 
hydroxide M(OH), were placed in a platinum basin containing about 60 c.c. of 
water. These were digested at about 80° for approximately 30 minutes on a 
water-bath. Glacial acetic acid: was then added a little at a time. Within 20 
minutes nearly all of the solid dissolved, forming a turbid solution which 
was filtered and allowed to stand in a vacuum desiccator (H,SO,). The highly 
soluble monofluoroiodates crystallised out after a few days. 


MF, + M(OH), + 2HIO; = 2MIO,F + 2H,0. 


It was noticed that the addition of excess of fluoride, either in the form of the 
metallic fluoride or of hydrofluoric acid, resulted in the formation of difluorodioxoio- 
date anion. This was therefore carefully avoided. The monofluorotrioxoiodates of 
the bivalent metals such as Zn, Ni, etc. are, however, much less soluble than 
the corresponding difluorodioxoiodates. 

Zinc monofluorotrioxoiodate has been isolated in the pure crystalline form. 
(Found: Zn, 17.39; I, 34.18; F, 4.88. ZnIO;F.6H,O requires Zn, 17.8 ; I, 34.56; 
F, 5.17%). 

A complex as well as double salts of zinc with monofluorotrioxoiodate anion has 
also been isolated. As expected, there was some resemblance between these 
compounds and the corresponding salts of monoflucrotrioxochlorate anion. The 
investigation of the monofluorotrioxoiodates is still in progress and a detailed report 
of the work will be published in due course. 

Ths authors’ best thanks are due to Professor N. N. Ray of the Presidency College, 
Calcutta, for furnishing laboratory facilities during the progress of the work. 
They are also indebted to Professor G. H. Cady of the University of Washington 
for his valuable suggestions. 
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SPECIALLY MADE 


Apparatuses 
For 


* BOILING POINT TEST 
* FREEZING POINT TEST 
* ARSENIC TEST 


B. P. (1953) Standard. 


Please Enquire to 


SCIENTIFIC GLASS APPARATUS MFG. CO. 


41/2 Harinath Dey Road, Calcutta-9 
Phone : East 4411. Gram : Sigamko, 


BOROSIL 


LABORATORY GLASSWARE 


such as 
FLA&SK&, BEAKERS, CONDENSERS, MEASURING DO YOU KNOW 
FLASKS, MEASURING CYLINDERS, PIPETTES & Sigcol Index combines three in one ? 
ANY 8PECIAL APPARATUS MADE TO DESIGN Behind every Index beaker and flask 
and youcan see long experience backed by 


PENICILLIN VIALS, VACCINE BULBS--WHITE scientific research. Index is a symbol 
& AMBER of guarantee for laboratory work. It is 


* Resistant to Chemical reagents 
Resistant to mechanical shocks — 
* Resistant to heat (coefficient of expan- 
sion is only 8.4 1078), 


ALL OTHER APPARATUS & EQUIPMENT 
MANUFACTURED TO CLIENT'S DESIGN 


Sole Distributors : 
INDUSTRIAL & ENGINEERING | L— caanpuRE & co— 
APPARATUS CO. PRIVATE LTD. P-36, Royal Exchange Place Extn. 
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GRANT ROAD, BOMBAY 7. 
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For Laboratory Reagent Quality Acids 
To Precise Specifications 


Maximum Limits Acid Sulphuric Acid Nitric Acid Hydrochloric 
of Impurities: H.SO,:98% w/w HNO,:69.8% w/w  HCt:35.30% w/w 
Sp. gr. 1.840 at 15°. Sp.gr. 1.420 at 15°. Sp. gr. 1.18 at 15° 


Non-Volatile Matter : 0.0025 % 0.001 % 0.0015 % 
Chloride (C1) : 0.0003 % 0.0001 % — 
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per million per million 
Ammonie (NH;) : 0.0005 % 
Oxygen Absorbed (0): 1.0001 % 


We invite orders and enquiries, 
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for other reagent quality chemicals. 


Bengal Chemical & Pharmaceutical Works, Ld. 
CALCUTTA :: BOMBAY :: KANPUR 
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FOR RAPID & ACCURATE CHEMICAL ANALYSIS ~ 
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POLAROGRAPH (with derivative circuit) 
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* MICRO ANALYSIS 

* HIGH SENSITIVITY 
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* SIMULTANEOUS ESTIMATION OF SEVERAL CONS. 
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* ADAPTABILITY : ANALYSIS OF METALS, ORGAN?” 
& INORGANIC SUBSTANCES ON THE SAME SAMPLE 

REPEATED ANALYSIS 

* SIMPLIFIED OPERATION FOR USE BY SEMI-SKILLED 


STAFF 
* ROUTINE ANALYSIS WITH SPEED AND ACCURACY 


For further particuiars, please contact Sole Agents in India 


PIONEER EQUIPMENT CO. PRIVATE LTD. 


1, Mango Lane, Dallx usie Sq., 139, Medows Street, 193, Mount Road 
CALCUTTA-1. P. O. Box. 1909, BOMBAY-1. MADRAS-2. 
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RAJ-DER-KAR & CO., 


231, HORNBY ROAD, FORT, BOMBAY-1 


Telephone : 26-2304 
Telegram : ‘TECHLA 
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* LUDWIG SEIBOLD, Austria, *W.A. TAYLOR & CO., U.S. A., 
For pu Testers, Titrators, For pz Comparators, Indicators, 
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EASTMAN KODAK, U.S. A., * TRACERLAB Inc., U.S. A., 
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Phone— 34-3176. Telegrams—Nadiachemi. 


NADIA CHEMICAL WORKS PRIVATE LTD. 


C 44, 45 & 46, COLLEGE STREET MARKET, CALCUTTA 


Manufacturers of :— 


CHEMICAL S—Benzene, Toluene, &c., Bromine, 
Halogen derivatives of both Organic and Inorganic 
compounds and other fine Laboratory Chemicals. 


2. STILLS for distilling Essential Oils, Alcohols, 


Water, etc. 


RECTIFIERS, CONDENSERS, &c. 


. OVENS, Baths &c for Gas, Oil or Electric heatings. 


. Scientific Apparatus (PHYSICAL, CHEMICAL, 
BIOLOGICAL, &c.) of both Glass and Metal. 


MICRO-ANALYSIS APPARATUS. 


Please ask for Estimates. 
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NOW ! REMOVE CORROSIVE NEEDLE 


VALVES FROM ALL YOUR GLASS 
SYSTEMS WITHOUT RESORTING 
TO STOPCOCKS 
TEFLON* AND GLASS MANOSTAT 
NEEDLE VALVES ** 

BURETTES, 
SEPARATING FUNNELS, 


DISTILLING HEADS, 
CHROMATOGRAPHIC TUBES, etc. 
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THE EMIL GREINER CO., N.Y. U.S.A. 
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Sole Representatives in India: 
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FURNISHERS 
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* Trade-mark for Du Point Tetrafluoroethylene 


Resin. 
** Patent Applied for. 
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HIGH VACUUM ROTARY PUMP 
Single Stage & Two Stage 
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industrial vacuum operations 


* DRY MODEL : Single Stage, for rough vacuum 

*All Indian Materials and Construction 
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Laboratory Chemicals §& Reagents 


of a wide range are manufactured by us under expert 
supervision to ensure guaranteed standard & reliability. 


A selection from our range : 


Acetone 

Acid Acetic glacial 99-100% 

Alcohol Amyl 

Alcohol Methy! 

Barium Carbonate 

Barium Chloride THE CALCUTTA 

Benedicts’ Solution CHEMICAL CO., LTD. 
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